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GEOLOGY  AND  HYDROLOGY  OF  THE 
NESHANNOCK  QUADRANGLE, 

MERCER  AND  LAWRENCE  COUNTIES,  PENNSYLVANIA 

by 

Louis  D.  Carswell  and  Gordon  D.  Bennett 


ABSTRACT 

The  Neshannock  15-minute  (|uadrangle  is  in  northwestern  Pennsylvania.  It  is 
separated  into  two  nearly  equal  halves  by  the  boundary  line  between  Mercer  and 
Lawrence  Counties. 

The  quadrangle  is  entirely  within  the  glaciated  part  of  the  Allegheny  Plateau 
physiographic  province.  The  surface  consists  of  hilly  upland  between  broad  valleys 
of  the  Mahoning  and  Shenango  Rivers  and  the  Neshannock  and  Lackawannock 
Creeks.  These  streams  are  flowing  upon  thick  glacial  deposits  in  valleys  which  have 
a preglacial  or  interglacial  origin.  The  flanks  of  the  major  valleys  contain  kames, 
kame  terraces,  and  valley-train  deposits.  Most  of  the  upland  area  is  covered  with 
glacial  till. 

The  area  is  underlain  by  Mississippian  and  Pennsylvanian  rocks,  which  dip  to  the 
south  and  southeast  at  approximately  15  feet  per  mile.  Local  structural  highs  are 
superimposed  on  the  gently  dipping  strata  by  the  draping  of  coal  over  thick  sand- 
stone, as  a result  of  the  differential  compaction  of  sandstone  and  shale. 

The  Pennsylvanian  and  Mississippian  rocks  are  composed  mostly  of  alternating 
units  of  shale  and  sandstone.  The  Mississippian  rocks  are  poorly  exposed  in  the 
lower  reaches  of  the  tributaries  entering  the  Mahoning  and  Shenango  Rivers.  The 
sandstones  of  the  Pennsylvanian  System  do  not  extend  continuously  throughout  the 
quadrangle  but  occur  in  poorly  defined  elongate  belts.  The  sandstones  intertongue 
laterally  with  shale.  Locally  they  fill  channels  that  cut  completely  through  the 
shales,  coalescing  with  sandstones  lower  in  the  section.  In  addition  to  sandstone  and 
shale,  the  Pennsylvanian  rocks  contain  thin  beds  of  limestone,  coal,  and  fireclay. 

Ground  water  in  the  Neshannock  quadrangle  occurs  in  a complex  flow  system, 
through  which  precipitation  infiltrates  to  the  water  table  and  is  discharged  into  the 
streams  draining  the  area.  Some  of  the  infiltrating  water  flows  laterally,  through 
the  upper  sandstones  of  the  section,  and  discharges  into  the  small  upland  streams: 
the  remainder  moves  downward  to  the  deeper  sandstones  and  then  flows  laterally 
to  the  major  streams  of  the  region.  The  lower  limit  of  the  flow  system  is  a direct 
fluid  contact  between  the  moving  fresh  water  and  the  highly  mineralized  connate 
brine  that  saturates  the  deeper  formations. 

Wells  in  the  upland  areas  of  the  Neshannock  quadrangle  obtain  water  pre- 
dominantly from  the  sandstones  of  the  section,  but  wells  in  the  valleys  may  obtain 
water  either  from  the  sandstones  or  from  unconsolidated  Pleistocene  sands  and 
gravels.  The  individual  sandstones  may  differ  in  permeability  from  one  location  to 
another,  and  the  Pleistocene  sands  and  gravels  are  generally  di.scontinuous.  Accurate 
prediction  of  well  performance  is,  therefore,  difficult.  In  general,  wells  in  the  upland 
areas  will  exhibit  increases  in  specific  capacity  and  decreases  in  static  water  level 
as  they  are  extended  into  deeper  sandstones.  Wells  in  the  major  valleys  will  gen- 
erally exhibit  increases  in  specific  capacity  and  slight  increases  in  static  level  as  they 
are  deepened. 
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The  chemical  quality  of  the  ground  water  is  apparently  controlled  by  a sequence 
of  processes  that  occur  as  the  water  moves  through  the  earth.  Some  evidence  suggests 
that  the  quality  of  water  obtained  from  a well  in  the  upland  areas  may  be  improved 
by  drilling  into  deeper  sandstones,  provided  the  well  is  not  extended  into  rocks 
containing  connate  brine. 


INTRODUCTION 

Purpose  and  Scope 

The  sandstone  aquifers  of  Pennsylvanian  and  Mississippian  age  con- 
stitute a large  and  largely  undeveloped  source  of  ground  water  in  north- 
west Pennsylvania.  Because  of  the  variability  in  yields  of  wells  penetrating 
these  aquifers,  and  in  anticipation  of  the  future  needs  for  ground  water 
for  domestic,  municipal,  and  industrial  uses  in  this  area,  an  investigation 
of  the  geology  and  hydrology  of  the  Neshannock  quadrangle  was  made 
by  the  U.  S.  Geological  Survey  in  cooperation  with  the  Pennsylvania 
Geological  Survey. 

This  report  describes  the  areal  distribution  of  lithologic  units,  the 
occurrence,  quality,  and  movement  of  fresh  water  through  these  units, 
and  the  approximate  contact  between  the  fresh  water  and  the  salt  water. 

Location  and  Extent  of  the  Area 

The  area  discussed  in  this  report  includes  the  Neshannock  15-minute 
quadrangle,  in  northwest  Pennsylvania.  (See  Fig.  1.)  As  thus  defined, 
the  area  is  bounded  by  lat.  41°  N.  and  41°  15'  N.  and  long.  80°  15'  W. 
and  80° 30'  W.  It  includes  225  square  miles  in  Lawrence  and  Mercer 
Counties,  Pa. 

Previous  Investigations 

Geological  reconnaissance  of  the  area  was  first  carried  on  between 
1836-1847  by  the  First  Pennsylvania  Geological  Survey,  results  of  which 
were  published  in  the  “Geology  of  Pennsylvania,”  by  H.  D.  Rogers  (1858). 
This  survey  recognized  most  of  the  beds  of  coal  and  limestone  and,  in 
general,  the  major  stratigraphic  and  structural  features  of  the  area. 
Although  time  and  increased  knowledge  brought  the  discovery  of  addi- 
tional coal  beds  and  changes  in  nomenclature  and  correlation  of  units, 
Roger’s  description  of  individual  outcrops  was  good.  His  report  provides 
a record  of  much  of  the  early  development  of  the  mineral  resources  in 
the  area. 

1.  C.  White  (1879  and  1880)  contributed  much  to  the  understanding 
of  the  stratigraphy  of  Mercer  and  Lawrence  Counties  by  his  systematic 
descriptions  and  his  correlations.  Because  of  the  scarcity  of  outcrops  in 
the  area.  White’s  descriptions  of  the  early  mining  and  oil  exploration 
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Figure  1.  Index  map  of  northwest  Pennsylvania  and  northeast  Ohio,  showing  area  covered  by 
this  report  and  the  adjacent  counties  and  quadrangles. 
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are  invaluable.  He  described  the  Pennsylvanian  rocks  by  using  mostly 
the  terminology  of  the  First  Geological  Survey  (Rogers,  1858),  with 
minor  modifications  and  additions.  His  descriptions  of  the  Mississippian 
rocks  was  a major  contribution.  The  nomenclature  he  proposed  for  the 
units  is  still  used,  with  only  minor  modifications  that  were  made  neces- 
sary by  the  development  of  rules  for  stratigraphic  nomenclature.  White’s 
Lawrence  and  Mercer  County  reports  are  still  the  major  references  to 
the  geology  of  the  area. 

Leggette  (1936)  made  a reconnaissance  of  the  ground-water  resources 
of  Lawrence  and  Mercer  Counties  as  a part  of  a study  of  the  ground-water 
resources  of  northwestern  Pennsylvania.  Leggette  gathered  information 
on  domestic,  industrial,  and  municipal  ground-water  supplies  in  the  form 
of  well  logs,  measurements  of  well  dei)th,  yield  and  drawdown,  and  the 
chemical  quality  of  ground  water.  Geologic  field  work  in  the  Neshannock 
quadrangle  was  concerned  mainly  with  the  study  of  the  glacial  deposits. 
Emphasis  w'as  placed  on  the  origin  of  the  buried  valleys  of  northwestern 
Pennsylvania.  Leggette’s  descriptions  of  local  stratigraphy  were  taken 
from  1.  C.  White  (1879  and  1880),  and  from  F.  W.  De  Wolf  (1929) 
who  studied  the  New  Castle  quadrangle,  immediately  south  of  the 
Neshannock  quadrangle. 

Other  reports  on  geologic  investigations  of  adjacent  areas  are  those 
of  Richardson  (1936)  on  the  geology  of  the  Butler  and  Zelienople  quad- 
rangles, southeast  of  the  Neshannock  quadrangle;  and  Cross,  Shroeder, 
and  Norris  (1952)  on  the  Water  Resources  of  the  Mahoning  River  Basin. 

The  report  entitled  “Geology  of  the  Bedford  Shale  and  the  Berea 
Sandstone  in  the  Appalachian  Basin”  (Pepper  and  others,  1954)  contains 
many  useful  and  informative  stratigraphic  correlations  and  descriptions 
of  the  Mississippian  and  Devonian  rocks  that  are  not  exposed  in  the 
Neshannock  quadrangle. 

The  mineralogy  of  the  sandstone  members  of  the  Homewood  and 
Connoquenessing  Formations  in  the  Mercer  quadrangle  and  the  south- 
east part  of  the  Neshannock  quadrangle  was  studied  by  T.  E.  Hendrix, 
who  concluded  (Hendrix  1957,  p.  72)  that  the  sandstones  contained  60 
to  98  percent  quartz  (including  chert),  1 to  5 percent  feldspar  and  mus- 
covite, and  less  than  1 percent  heavy  minerals  (principally  leucoxene, 
subordinate  tourmaline  and  zircon,  and  minor  amounts  of  rutile,  anatase, 
ilmenite,  apatite,  garnet,  and  chlorite) ; clay  minerals  and  iron  oxides 
make  up  the  remainder  of  the  composition.  Hendrix  noted  that  the  quartz 
content  of  the  Homewood  was  higher  than  that  of  the  Connoquenessing. 
He  noted  also  that  the  chert,  feldspar,  muscovite,  and  clay  content  of 
the  Connoquenessing  was  higher  than  that  of  the  Homewood.  The  zircon 
content  of  the  Homewood  was  observed  to  be  higher  than  its  tourmaline 
content,  whereas  the  reverse  relationship  existed  in  the  Connoquenessing. 
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The  geographic  distribution,  composition,  and  topographic  form  of  the 
glacial  deposits  in  the  Neshannock  quadrangle  was  described  by  Shepps 
and  others  (1959)  in  their  study  of  the  glacial  deposits  of  northwest 
Pennsylvania. 

Methods  Used  in  this  Investigation 

Geologic  maps  of  the  New  Castle  North,  Edinburg,  Sharon  East  and 
Greenfield  TVii-minute  quadrangles  (which  make  up  the  Neshannock 
15-minute  quadrangle)  were  prepared  by  using  the  scarce  exposures  of 
bedrock  in  the  area  and  supplementing  them  with  logs  of  wells  obtained 
from  water-well  drillers.  (See  Plate  1.) 

The  thickness  and  sorting  of  glacial  deposits  were  noted,  where  possible, 
to  aid  in  identifying  the  different  types  of  glacial  deposits  in  the  area. 
However,  only  the  thickness  of  these  deposits  is  shown  on  the  maps 
accompanying  this  report. 

During  the  course  of  this  investigation,  data  (including  more  than 
400  drillers  logs)  were  collected  for  more  than  700  wells  in  the  Neshannock 
quadrangle.  In  addition,  17  wells  were  logged  electrically,  and  a pumping 
test  was  made  on  well  Mr-978,  at  West  Middlesex,  Pa.  Locations  of 
representative  wells  are  shown  in  Plate  1 and  descriptions  of  these  wells 
appear  in  Table  2.  Chemical  analyses  of  water  from  14  wells  were 
made  by  the  Quality  of  Water  Branch,  U.  S.  Geological  Survey.  The 
analyses  are  given  in  Table  3. 

Field  studies  on  which  this  report  is  based  were  started  in  1952  by 
D.  W.  Greenmail,  who  made  a geologic  reconnaissance  and  a well  in- 
ventory as  part  of  a proposed  investigation  of  the  ground-water  resources 
of  Lawrence  County,  Pa. 

Well-Numbering  System 

The  well-numbering  system  used  in  Pennsylvania  includes  a well- 
identification  number  and  a well-location  number.  The  identification 
number  consists  of  a two-letter  symbol  for  the  name  of  the  county  in 
which  the  well  is  located  followed  by  a serial  number  beginning  with  1 
in  each  county.  The  county  symbols  used  in  this  report  include  Mr  for 
Mercer  County  and  La  for  Lawrence  County.  Thus,  Mr- 100  identifies 
the  100th  well  scheduled  in  Mercer  County. 

The  well-location  number  is  composed  of  two  parts  separated  by  a 
hyphen  such  as  E2b-0804.  The  first  part,  E2b,  refers  to  the  coordinate 
system  used  in  Pennsylvania  to  identify  individual  7M>-minute  quadrangle 
maps.  The  coordinate  system  employs  the  use  of  the  letters  A through  L 
(except  I)  along  the  west  border  of  the  State  to  designate  from  north  to 
south  each  15-minute  interval  of  latitude.  Similarly,  the  numbers  1 through 
25  are  used  along  the  north  border  to  designate  from  west  to  east  each 
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15-ininute  interval  of  longitude.  Thus,  the  capital  letter  and  the  num- 
ber that  follows  it  designate  a 15-minute  quadrangle  which  is  further 
subdivided  into  four  7V2-minute  quadrangles  by  using  lower  case  letters 
“a”,  “b”,  “c”,  and  “d”  to  represent  the  northwest,  northeast,  southwest, 
and  southeast  quarters,  respectively. 

The  second  part  of  the  well-location  number  consists  of  a four-digit 
number  that  identifies  the  northwest  corner  of  a one-hundredth  square 
mile  area  (6.4  acres)  within  any  7V2-minute  quadrangle  map.  The  first 
two  digits  refer  to  the  number  of  tenths  of  a mile  between  the  northern 
boundary  of  the  7V2-minute  quadrangle  map  and  the  northern  boundary 
of  the  one-hundredth  square  mile  area  containing  the  well  site.  Similarly, 
the  last  two  digits  refer  to  the  distance  between  the  western  boundary 
of  the  7i/i>-minute  quadrangle  map  and  the  western  boundary  of  the  one- 
hundredth  square  mile  area  containing  the  well  site.  Thus,  a well  with 
the  location  number  E2b-0804  is  situated  between  0.8  and  0.9  miles  south 
and  between  0.4  and  0.5  miles  east  of  the  north  and  west  boundaries, 
resi)ectively,  of  the  7V2-minute  quadrangle  map  designated  “E2b”,  which 
is  the  Greenfield  7),4-minute  quadrangle. 
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GEOGRAPHY 

Topography  and  Drainage 

The  Neshannock  quadrangle  is  in  the  glaciated  section  of  the  Alle- 
gheny Plateau.  The  surface  topography  is  that  of  a hilly  upland  cut 
deeply  by  the  valleys  of  the  Mahoning  and  Shenango  Rivers  and  Neshan- 
nock and  Lackawannock  Creeks.  The  major  streams  presently  flow 
southward  on  broad  flat  flood  plains  formed  on  bedrock,  glacial  outwash, 
and  lake  (?)  deposits  that  are  locally  more  than  200  feet  thick.  Along 
the  flanks  of  the  major  valleys,  and  locally  in  the  uplands,  many  terraces, 
irregular  hills,  and  poorly  drained  depressions  are  formed  on  deposits  of 
sand  and  gravel  representing  kames,  kame  terraces,  and  valley-train 
deposits. 

Most  of  the  upland  area  is  covered  by  glacial  till,  and  the  topography 
is  characterized  by  irregular  hills,  and  depressions.  In  the  northeast 
part  of  the  quadrangle,  where  swampy  areas  are  common,  there  are 
a few  scattered  small  ponds.  The  average  local  relief  in  the  uplands  is 
about  100  feet. 

The  lowest  point  in  the  area  is  at  the  southern  border  where  the 
IMahoning  River  leaves  the  quadrangle  at  an  altitude  of  about  775  feet 
above  msl  (mean  sea  level).  The  highest  point  in  the  area,  1 mile  north 
of  Hoagland,  is  1,392  feet  above  msl,  giving  a maximum  relief  in  the 
area  of  517  feet. 

Local  relief  seldom  exceeds  350  feet  from  the  upland  surface  to  the 
flood  plain  of  the  major  streams. 

The  minor  stream  drainage  has  a deranged  pattern,  because  it  formed 
on  the  uneven  surfaces  exposed  by  the  retreating  glacier. 


Climate 

The  climate  of  the  Neshannock  quadrangle  is  moist  and  temperate. 
The  yearly  average  temperature  is  close  to  50°F,  and  the  total  yearly 
precipitation  is  about  40  inches.  The  temperature  during  the  winter 
months  averages  approximately  30 °F,  and  occasionally  falls  below  0°F. 
The  summer  temperature  averages  about  70  °F,  and  occasionally  rises 
above  95 °F.  Precipitation  is  well  distributed  throughout  the  year.  Move- 
ment of  air  across  the  Great  Lakes  produces  a moderate  amount  of  snow- 
fall during  the  winter  months. 

The  average  growing  season  is  approximately  145  days;  generally,  the 
first  frost  occurs  early  in  October,  and  the  last  frost  occurs  near  the 
middle  of  May. 
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Population 

The  urban  areas  of  Sharon  and  New  Castle  each  lie  partially  within 
the  region  covered  in  this  report.  The  city  of  Sharon  has  a population 
of  approximately  25,000 ; its  suburbs  in  Pennsylvania — including  the  city 
of  Farrell,  the  Boroughs  of  Sharpsville  and  Wheatland,  and  the  suburban 
districts  in  Hickory  Township — have  a total  population  of  about  30,000. 
Its  suburbs  in  Ohio  contain  an  additional  9,000  persons.  The  city  of  New 
Castle  has  a population  of  approximately  45,000,  and  its  suburbs  have  a 
total  ])opulation  of  about  25,000. 

The  population  of  the  Neshannock  quadrangle,  exclusive  of  the  Sharon 
and  New  Castle  urban  regions,  is  about  25,000.  The  largest  centers  of 
population  outside  of  the  Sharon  and  New  Castle  areas  are  New  Wilming- 
ton, with  a population  of  roughly  2,200,  and  West  Middlesex,  with  a 
population  of  about  1,300. 

Manufacturing  and  Agriculture 

Outside  of  the  Sharon  and  New  Castle  urban  areas,  most  of  the 
Neshannock  quadrangle  is  an  agricultural  area.  The  climate  favors 
diversified  agriculture,  and  the  principal  products  include  livestock,  dairy 
products,  apples,  peaches,  wheat,  corn,  and  jiotatoes. 

The  principal  industries  of  the  Sharon  area  are  the  manufacture  of 
electric  transformers,  the  manufacture  of  steel,  and  the  fabrication  of 
steel  products.  The  commodities  manufactured  in  the  New  Castle  area 
include  ceramic  products,  steel  products,  industrial  machinery,  bearings, 
explosives,  batteries,  and  plastic  products. 

Water  Supply 

More  than  2 billion  gallons  of  water  per  year  are  used  in  the  Sharon 
and  New  Castle  urban  areas.  Most  of  this  is  pumped  from  the  Shenango 
River.  Throughout  the  remainder  of  the  Neshannock  quadrangle,  ground 
water  is  the  dominant  source  of  water  sujiply.  The  communities  of 
New  Wilmington,  West  Middlesex,  Pulaski,  and  Volant  rely  on  ground 
water  for  their  municipal  supplies.  Individual  wells  and  springs  supply 
most  of  the  farms,  homes,  schools,  and  other  establishments  in  the  rural 
areas. 

Mineral  Products  and  Fuels 

The  mineral  resources  of  the  area  being  utilized  in  1961  include  oil, 
limestone,  coal,  fire-clay,  sandstone  (for  refractory  purposes),  ornamental 
building  stone,  sand,  and  gravel. 

Before  1961,  many  small  sandstone  quarries  supplied  building  stone 
and  dimensioned  block  for  refractory  furnaces.  Small  deposits  of  siderite 
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and  bog-iron  ore  were  mined  for  use  in  the  charcoal  furnaces  common 
in  the  area  in  the  mid-19th  century.  The  existence  of  these  deposits  is 
of  little  more  than  historical  interest  at  present.  Exploration  for  oil 
and  gas  in  the  area  began  in  1861  along  the  Alahoning  River  (White, 
1879,  p.  201),  where  small  quantities  of  oil  were  obtained  from  the 
Berea  Sandstone.  Some  oil  has  been  produced  from  the  Berea  Sandstone 
in  the  northern  extension  of  the  Bessemer  pool  near  Hillsville,  and  some 
was  being  produced  from  the  “Hundred-foot”  Sand,  near  Volant,  (east 
of  the  Xeshannock  quadrangle)  in  1961.  Gas  has  been  produced  from 
the  Cussewago  Sandstone  near  Mount  Jackson  and  Gibsondale,  just  south 
of  the  Xeshannock  quadrangle. 


GEOLOGY 

Str.\tigr.a.phy 

The  stratigraphic  nomenclature  currently  used  for  the  Mississippian 
and  Pennsylvanian  rocks  in  northwest  Pennsylvania  is  based  on  the 
publications  of  the  Second  Pennsylvania  Geological  Survey  and  has  been 
slightly  redefined  for  purposes  of  this  report,  so  that  all  rock  intervals  are 
included  within  the  named  formations  that  have  been  used  in  the  area  in 
the  past.  This  compromise  involves  the  grouping  in  one  formation  of 
genetically  unrelated  strata  representing  different  environments  of  deposi- 
tion— such  as  fluvial,  deltaic,  paludal,  marginal  marine,  and  marine. 

It  would  be  inaj)propriate  to  suggest  a major  revision  of  stratigraphic 
nomenclature  for  the  Xeshannock  quadrangle  at  this  time  for  the  follow- 
ing reasons:  (1)  unanimity  of  opinion  is  lacking  on  the  classification 
of  cyclically  deposited  coal-bearing  strata,  and  this  report  deals  largely 
with  such  strata;  l2i  this  report  is  primarily  concerned  with  the  sand- 
stone aquifers  and  intervening  shale  units  of  the  Pottsville  Group;  (3) 
beds  of  coal  and  limestone  observed  in  the  field  were  indispensable  in 
correlation  of  units,  but  the  subdivisions  of  the  shales,  coals,  and  lime- 
stones were  not  studied  in  detail;  and  (4)  the  bedrock  formations  are 
masked  by  a veneer  of  glacial  deposits,  outcrops  are  rare,  and  much 
of  the  correlation  of  lithologic  units  is  based  on  data  from  drillers  logs. 

The  stratigraphy  of  the  IMississiiipian  rocks  in  the  X’eshannock  quad- 
rangle is  comparatively  straightforward,  in  that  stratigraphic  units  are 
based  on  characteristic  lithologic  homogeneity  within  formations.  Con- 
tacts between  units  are  sometimes  arbitrary  because  it  is  necessary,  in 
some  places,  to  select  an  arbitrary  point  of  dominant  change  in  lithology 
in  a gradational  sequence  of  beds.  Correlation  of  units  is  based  on  lith- 
ology and  stratigraphic  position  in  relation  to  known  marker  beds. 

The  Pottsville  Group  was  referred  to  in  early  reimrts  as  the  “Serai 
Conglomerate”  or  “Conglomerate”  measures  and  was  subdivided,  on  a 
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lithologic  basis,  into  the  Sharon  Conglomerate,  the  lower  Connoquenessing, 
upper  Connoquenessing,  and  Homewood  Sandstones,  and  the  Sharon, 
Quakertown,  and  Mercer  Shales.  In  this  report  these  units  are  grouped 
into  the  following  formations:  The  Sharon  Formation,  containing  a 
lower  conglomerate  member  and  an  upper  shale  member;  the  Connoque- 
nessing Formation,  locally  divisible  into  a lower  sandstone  member,  a 
middle  shale  member,  and  an  upper  sandstone  member;  the  Mercer 
Formation;  and  the  Homewood  Formation,  which  is  locally  divisible 
into  a lower  sandstone  member,  and  an  upper  shale  member. 

In  this  rei)ort,  the  formal  subdivision  of  the  Pennsylvanian  System  in 
the  Neshannock  quadrangle  is  based  on  a mixture  of  several  concepts 
regarding  stratigrai)hic  nomenclature  of  lithologic  units.  One  of  the  con- 
cei)ts  is  that  of  the  coal  group,  as  used  in  early  reports;  another  is  the 
grouping  of  beds  according  to  cycles  of  deposition.  The  nomenclature 
used  by  White  (1878)  was  based  on  the  work  of  the  First  Pennsylvania 
Geological  Survey.  Concerning  this  nomenclature,  Lesley  (1879,  p. 
XXVI)  wrote: 

The  number  of  groups  (or  series  as  they  were  first  called)  remains  the  same  in  1879 
that  they  were  in  1839.  Even  the  number  of  beds  has  not  been  increased  or  dimin- 
ished; they  have  only  been  converted  from  sporadic  and  local  to  systematic  and  per- 
sistent beds;  and  this  has  merely  increased  the  number  of  named  beds. 

Minor  changes  were  made  in  subsequent  reports  by  White  (1880-1881) 
as  new  information  made  it  possible  to  define  and  correlate  more  precisely 
units  in  the  Pottsville  and  Allegheny  Groups.  Since  White’s  work,  changes 
in  nomenclature  have  been  minor.  The  principal  changes  were  the 
adapting  of  White’s  nomenclature  to  conform  to  rules  of  classification 
and  nomenclature  of  rock  units  (Ashley  and  others,  1933)  and  the 
changing  of  the  top  of  the  Pottsville  Group  from  the  top  of  the  Homewood 
Formation  to  the  base  of  the  Brookville  coal  or  its  underclay. 

The  subdivision  of  the  Allegheny  Group  (the  “Lower  Productive  Coal 
Measures”  of  early  reports)  was  based  on  coal  groups,  which  were  defined 
as  extending  from  the  base  or  top  of  one  economic  bed  to  the  base  or 
top  of  some  other  economic  bed  higher  in  the  stratigraphic  section,  and 
including  all  the  intervening  strata — regardless  of  lithology. 

The  units  so  defined  m this  report  are  the  Clarion  Formation  and  the 
Kittanning  Formation.  -The  Clarion  Formation  extends  from  the  base  of 
the  Brookville  coal  or  its  underclay  to  the  base  of  the  Vanport  Limestone 
(early  reports  included  the  Vanport  in  the  Clarion  Coal  Group).  The 
Kittanning  Formation  extends  from  the  top  of  the  Vanport  Limestone 
to  the  top  of  the  upper  Kittanning  coal  bed.  The  Kittanning  is  divided 
into  three  members,  the  boundaries  being  placed  at  the  top  of  the  lower 
Kittanning  and  middle  Kittanning  coal  beds. 

The  system  of  nomenclature  based  on  the  arbitrary  grouping  of  strata 
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that  lie  between  more  important  economic  horizons  into  units,  here 
referred  to  as  formatitins  and  members,  was  adequate  and  useful  in  the 
early  reports  for  outlining  economic  units  and  for  stratigraphic  discussion. 
In  summary,  it  served  the  pur]ioses  of  the  First  and  Second  Pennsylvania 
Geological  Survey.  This  system  of  nomenclature  has  perhaps  hindered 
the  understanding  of  the  genesis  and  relationship  of  the  sedimentary 
rocks  included  within  the  coal  groups.  Futhermore  this  system  makes 
geologic  mapping  almost  impossible — even  in  areas  of  good  exposures — 
because  the  economic  l)eds  that  form  the  stratigraphic  boundaries  are  m)t 
continuous. 

Because  the  Vanport  Limestone  was  absent  in  most  of  the  Punxsu- 
tawney  quadrangle,  Ashley  (1926,  ]).  29)  placed  the  base  of  his  Kittanning 
Formation  at  the  base  of  the  lower  Kittanning  coal  or  its  underclay. 
By  so  doing,  he  included  strata  within  the  underlying  Clarion  Formation 
that  were  considered  to  be  Kittanning  in  that  part  of  Pennsylvania  west 
of  the  Punxsutawney  quadrangle,  where  the  Vanport  is  present  and  where 
the  base  of  the  Kittanning  has  long  been  placed  at  the  top  of  the  Vanport. 

Williams  (1959  and  1960)  used  Ashley’s  (1926)  terminology  for  the 
lower  part  of  the  Allegheny  Group  in  parts  of  northwestern  Pennsylvania, 
where  the  Vanport  Limestone  is  present.  Williams  (1960,  p.  190,  Fig.  2) 
showed  units  long  referred  to  as  the  lower  Kittanning  Sandstone  and 
the  Vanport  Limestone  as  minor  subdivisions  of  the  Clarion  Formation. 

The  Vanport  Limestone  is  one  of  the  most  persistent,  prominent,  and 
lithologically  distinctive  units  of  the  Pennsylvanian  Series  in  western 
Pennsylvania.  It  is  a unit  that  has  been  used  since  1837  (Lesley,  in 
White  1879,  p.  XXIV  l as  a key  stratigraphic  bed.  In  later  reports,  it 
has  served  as  a prominent  marker  bed  for  structural  contouring. 

Recent  studies  of  the  stratigraphy  and  depositional  environment  of 
Pottsville  and  Allegheny  rocks,  by  Williams  (1957,  1959,  1960),  Ferm 
(1957),  and  Degens,  Williams,  and  Keith  (1958),  made  significant  con- 
tributions to  the  understanding  of  the  regional  relationships  of  the  en- 
vironmental zones  and  the  paleogeography  of  the  Pennsylvanian  Period. 
The  major  conclusion  of  these  investigations  are  summarized  by  Ferm 
and  Williams  (1960,  p.  496-497)  who  concluded  that  the  major  coals 
represent  breaks  in  sedimentation  and  are,  therefore,  good  stratigrajihic 
boundaries.  According  to  Ferm  and  Williams,  the  intervals  between 
principal  coals  could  be  subdivided  on  the  basis  of  minor  coal,  limestone, 
and  ironstone  beds  into  detrital  rock  units  of  two  types,  as  follows;  (T)  a 
lower,  lithologically  simi)le  type  of  limited  areal  extent  and  (2)  an  upper, 
lithologically  comidex  type  of  wide  area  extent.  They  concuded  also 
that  these  two  types,  bounded  by  principal  coals,  could  be  considered  as 
records  of  cyclic  sedimentation. 

The  conclusion  of  Ferm  and  Williams  that  the  prominent  coal  beds  of 
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the  Allegheny  Group  are  good  stratigraphic  boundaries  is  in  accord  with 
long  established  stratigraphic  nomenclature  of  northwestern  Pennsyl- 
vania. However,  the  prominent  coal  beds  of  one  area  are  not  necessarily 
the  prominent  coal  beds  of  other  areas;  basing  stratigraphic  boundaries 
on  coal  beds  accordingly  creates  problems  in  local  areas  in  detailed 
mapping  of  lithologic  units  when  a number  of  the  coals  are  poorly 
developed. 

For  purposes  of  outlining  units  of  interest  in  hydrology,  a system  of 
stratigraphic  nomenclature  based  on  various  sandstone  units  throughout 
the  section  would  be  moi'e  useful  than  a system  based  on  coal  beds. 
The  cyclothcm,  as  described  l)y  Weller  (1930)  and  Wanless  and  Weller 
(1932),  provides  such  a system.  Objections  to  the  use  of  cyclothems  as 
a basis  for  outlining  stratigraphic  units  in  the  Neshannock  area  are  as 
follows:  (1)  The  sandstone  units,  which  would  form  the  base  of  the 
cyclothems,  are  not  lithologically  distinctive.  (2)  They  are  discontinuous 
and  tend  to  be  sui)crimposed  m successive  cycles  within  linear  belts 
within  which  intervening  marker  beds  are  generally  missing  by  erosion. 
(3)  In  areas  outside  of  the  linear  belts  of  well  develoiied  sandstone,  the 
individual  sandstone  bodies  tend  to  pinch  out  or  cannot  be  traced.  As  a 
consequence,  tlie  cyclothems  are  well  defined  in  only  part  of  the  area. 

In  the  past,  formal  stratigraphic  names  have  been  applied  to  prominent 
sandstones,  one  limestone,  and  one  shale  of  the  Pottsville  and  Allegheny 
Groups.  Other  named  subdivisions  of  beds  have  been  used  informally 
or  considered  as  economic  units — not  formal  stratigraphic  units.  Figure  2 
summarizes  the  use  of  stratigraphic  and  economic  terms  used  in  the 
past  for  the  Allegheny  and  Pottsville  Groups  in  the  Neshannock  quad- 
rangle and  shows  the  terminology  used  in  this  report. 

Sedimentary  Rocks  not  Exposed  in  the  Area 

More  than  8,000  feet  of  Mississippian,  Devonian,  Silurian,  Ordovician 
and  Cambrian  sedimentary  rocks  were  jienetrated  in  an  exploratory  oil 
well  drilled  about  5 miles  north  of  the  Neshannock  quadrangle.  Detailed 
information  on  these  strata  is  given  in  a well-sample  record  by  Wagner 
(1958).  Because  the  Cussewago  Sandstone  is  the  oldest  fresh-water- 
bearing  formation  in  the  area,  and  because  no  new  information  on  these 
strata  was  collected,  strata  below  the  Riceville  Shale  (which  underlies 
the  Cussewago)  will  not  be  described  in  this  report.  In  this  report  it  is 
assumed  that  the  thickness  of  strata  below  the  Riceville  does  not  change 
between  the  deep  well  and  the  Neshannock  quadrangle. 

The  Riceville  Shale,  Cussewago  Sandstone,  Bedford  Shale,  Berea  Sand- 
stone, and  Orangeville  Shale  do  not  crop  out  in  the  Neshannock  quad- 
rangle. Descriptions  of  these  units  are  taken  largely  from  well  logs, 
1.  C.  White  (1879,  1880,  and  1881)  and  Pepper  and  others  (1954). 
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Figure  2.  Past  and  current  use  of  stratigraphic  and  economic  terms  for  Pennsylvanian  rocks  in 
northwestern  Pennsylvania. 
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Devonian  System 
Riceville  Shale 

The  Riceville  Shale,  of  Late  Devonian  age,  was  named  by  I.  C.  White 
(1881,  p.  97-98)  for  a sequence  of  very  fossiliferous,  drab  or  bluish-gray 
sandy  shales  and  shaly  sandstones  exposed  in  a bluff  west  of  Riceville, 
northeastern  Crawford  County,  Pa.,  44  miles  northeast  of  the  Neshannock 
quadrangle.  White  (1881,  j).  97-98)  described  the  Riceville  as  containing 
no  black  or  red  layers  and  as  extending  from  the  “*  * * Cussewago 
Sandstone  down  to  the  First  oil  sand  of  the  Venango  Group,  a distance  of 
say  80  feet  * * 

Pepper  and  others  (1954,  p.  17)  described  the  Riceville  as  consisting 
of  white,  light-gray,  tan,  and  light-brown  fossiliferous  siltstones  and  in- 
tercalated ash-gray  silty  shales  and  mudstones.  He  reported  that  the 
thickness  of  the  unit  ranged  as  much  as  15  feet  from  that  described  by 
White,  because  of  erosion  that  took  place  before  the  Cussewago  Sandstone 
was  deposited. 

Information  concerning  the  Riceville  Shale  in  the  Neshannock  area  is 
derived  mostly  from  the  few  available  records  of  churn-drill  holes  that 
were  drilled  in  search  of  oil  and  gas.  Water  wells  in  the  northwestern 
part  of  the  area  have  I'jenctrated  only  15  to  20  feet  into  the  Riceville 
after  pa.ssing  through  the  Cussewago  Sandstone,  which  is  a major  fresh- 
water aquifer  in  that  locality. 

There  is  some  question  of  the  propriety  of  extending  the  term  “Rice- 
ville”  to  include  the  sequence  of  gray  and  red  siltstone  and  shale  beds 
referred  to  by  the  well  drillers  as  “slate”  or  “shale  and  shells”,  because 
the  base  of  the  unit  is  locally  indefinite  where  the  Hundred-foot  sand  is 
not  present  or  recognized  by  the  well  driller.  In  the  vicinity  of  Sharon, 
3 wells  drilled  for  oil  and  gas  encountered  300  to  310  feet  of  light  blue, 
gray,  and  gray  and  red  shale;  the  upj^er  75  to  150  feet  of  this  shale 
sequence  is  presumed  to  represent  the  Riceville  Shale.  Some  (perhaps 
more  typical)  well  logs  show  the  Riceville  Shale  interval  to  be  75  to  150 
feet  thick,  the  upper  10  to  40  feet  of  which  is  gray  and  the  lower  part 
of  which  is  red  shale  or  red  shale  and  siltstone. 


IMississippian  System 
Cuss.ewago  Sandstone 

The  Cussewago  Sandstone,  of  Mississippian  age,  was  named  by  I.  C. 
White  (1881,  p.  94-96)  for  exposures  along  Cussewago  Creek  Valley, 
Crawford  County,  Pa.  White  originally  applied  the  name  Cussewago  to 
a shale  and  local  limestone  unit  as  well  as  to  the  sandstone.  The  name 
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“Cussewago”  is  now  restricted  to  the  sandstone  unit.  Because  White’s 
type  locality  for  the  Cussewago  is  somewhat  indefinite,  deWitt  (1946) 
redefined  the  unit  as  “The  typical  friable  greenish-yellow  to  greenish- 
brown  quartz  sandstone  found  l)elow  the  Bedford  Shale  at  AVhite’s  (1881, 
p.  204)  Bartholomew  section.” 

As  defined  by  deWitt  11946)  the  Cussewago  Sandstone  lies  between 
the  Riceville  Shale  and  the  Bedford  Shale. 

Information  concerning  the  Cussewago  in  the  Neshannock  quadrangle 
is  derived  from  logs  of  water  wells  in  the  northwestern  part  of  the  area, 
along  the  Shenango  River  from  Pulaski  to  Sharon,  and  from  records  of 
wells  drilled  for  oil  and  gas  throughout  the  rest  of  the  area. 

The  Cussewago  Sandstone  consists  of  from  20  to  100  feet  of  gray  to 
white  sandstone.  It  is  presumed  to  be  poorly  cemented  because  well 
drillers  report  that  it  can  be  drilled  easily  by  cable-tool  methods.  The 
grain  size  of  the  sand  increases  as  the  depth  increases,  and  the  lower  beds 
generally  contain  pebbles. 

The  Cussewago  Sandstone  was  shown  to  be  a continuation  of  the 
Murrysville  sand  of  the  subsurface  by  Demarest  (1946),  who  traced  the 
IMurrysville  sand  to  the  outcrop  and  found  it  to  be  identical  to  the 
Cussewago.  A variety  of  names  have  been  applied  to  the  Cussewago  by 
those  engaged  in  oil  and  gas  exi)loration.  In  addition  to  being  called  the 
Murrysville  sand  it  has  been  referred  to  as  the  gas  sand,  Berea,  and 
second  Berea.  Also,  some  drillers’  logs  of  water  wells  in  the  northern 
part  of  the  area  have  referred  to  the  Cussewago  as  the  (Mountain  sand. 
White  sand,  or  White  (Mountain  sand. 

The  altitude  of  the  top  of  the  Cussewago  ranges  from  about  700  feet 
above  msl  in  the  northwestern  part  of  the  quadrangle  to  about  460  feet 
above  msl  along  the  southern  boundary  of  the  quadrangle.  In  the  north- 
east corner  of  the  area,  from  Wheatland  north,  the  Cussewago  dips  to 
the  southeast  at  50  feet  i)er  mile.  Throughout  the  rest  of  the  quadrangle 
it  has  a southerly  dip  of  about  15  feet  per  mile.  The  Cussewago  is  10 
to  60  feet  below  the  Berea  Sandstone,  260  to  280  feet  below  the  Shenango 
Formation  (Slip]K'ry  Rock),  500  to  580  feet  below  the  lower  limestone 
bed  of  the  Mercer  Formation,  and  610  to  670  feet  below  the  Vanport 
Limestone. 


Bedford  Shale 

The  Bedford  Shale  was  named  by  Newberry  (1870,  }).  21)  for  exi)osurcs 
along  Tinkers  Creek  near  Bedford,  Bedford  Township,  Cuyahoga  County, 
Ohio.  The  Bedford  at  its  type  locality  was  described  by  deWitt  (1951, 
p.  1354)  as  consisting  of  about  85  feet  of  light-gray  silty  shale,  many 
thin  platy  siltstones,  and  some  hard  discoidal  limy  nodules.  The  Bedforil 
Shale  was  traced  eastward  from  its  ty]ie  locality  into  Crawford  County, 
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Pa.  by  deWitt,  who  noted  that  it  thinned  eastward  but  maintained  its 
characteristic  lithology. 

The  Bedford  Shale  in  the  Neshannock  area  is  the  unit  10  to  60  feet 
thick,  lying  between  the  Cussewago  Sandstone  and  the  Berea  Sandstone, 
that  is  usually  logged  as  gray  shale. 

Berea  Sandstone 

The  Berea  Sandstone,  of  Mississippian  age,  was  named  for  exposures 
of  a drab,  50-foot  thick  sandstone  at  Berea,  Ohio,  by  Newberry  (1870). 
Using  well  logs,  Demarest  (19461  traced  the  Berea  eastward  from  its 
type  locality  into  northwest  Pennsylvania.  Using  surface  outcrops  and 
core  drill  records,  de  Witt  (1951)  traced  the  Berea  into  Crawford  County, 
Pa.  He  noted  that  the  Berea  changed  progressively  from  a typical  fine-to 
medium-grained  sandstone,  at  its  type  locality,  to  a siltstone  that  merged 
into  intercalated  siltstones,  silty  mudstones,  and  silty  shale  of  the  Shell- 
hammer  Hollow  Formation  in  the  vicinity  of  Meadville,  Pa. 

The  regional  relationships  of  the  Berea,  Bedford,  and  Cussewago  Sand- 
stones are  described  in  detail  by  de  Witt  (1951)  and  Pepper  and  others 
(1954). 

The  Berea  Sandstone,  where  well  developed  in  the  southern  part  of 
the  Neshannock  quadrangle,  is  a 10-  to  40-foot  thick  unit  of  gray  sand- 
stone, the  base  being  10  to  60  feet  above  the  top  of  the  Cussewago  Sand- 
stone. Northward  from  the  southern  part  of  the  quadrangle,  the  Berea 
intertongues  with  beds  of  shale  and  siltstone  and  becomes  unrecognizable 
in  well  logs — except  along  the  western  margin  of  the  area  where,  at 
Wheatland  and  Sharon,  thin  light-gray  sandstone  beds  are  recorded  where 
the  Berea  should  be.  North  of  Sharon  the  Berea  has  generally  not  been 
distinguished  in  well  logs,  and  the  combined  Berea  and  Bedford  interval 
has  usually  been  logged  as  gray  sandstone  and  shale,  or  shale  and  shells. 

Orangeville  Shale 

The  Orangeville  Shale  was  named  by  I.  C.  White  (1880,  p.  63)  for  an 
exposure  along  Pymatuning  Creek,  at  Orangeville,  Pa.  The  exposure  was 
composed  of  light  gray  shale  and  medium  gray  silty  mudstone,  about 
75  feet  thick,  that  contained  beds  of  siltstone  3 inches  to  1%  feet  thick 
and  beds  of  siderite  1 ta  3 inches  thick.  The  silty  mudstone  was  stained 
with  a mottling  of  blackish  red,  yellow,  and  yellowish  orange. 

The  Orangeville  Shale  is  about  60  feet  thick  along  the  southern  part 
of  the  area  and  about  70  feet  thick  at  Sharon.  It  overlies  the  Berea 
Sandstone  and  underlies  the  Sharpsville  Sandstone.  The  boundaries  of 
the  Orangeville  are  somewhat  indefinite  in  parts  of  the  Neshannock  quad- 
rangle because  either  or  both  the  underlying  or  overlying  formations  are 
unrecognizable  in  well  logs  or  electric  logs. 
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Rocks  Exposed  in  the  Area 
]\Iississi])pian  System 
Sharpsville  Sandstone 

The  Shai'iisville  Sandstone  was  named  by  White  (1880,  p.  62)  for  a 
se{}uence  of  alternating  layers  of  very  fine-grained  sandstone  and  shale 
exposed  along  the  Shenango  River  at  Sharpsville,  Pa.,  which  is  1 mile 
northeast  of  Sharon,  Pa.  In  a gully  on  the  west  side  of  Pine  Hollow  Run, 
1 mile  north  of  Neshannock  ciuadrangle  and  1 mile  east  of  Sharpsville, 
60  feet  of  Sharjisville  Sandstone  is  exposed.  The  Sharpsville  is  here  very 
fine-grained  planar-bedded  sandstone  containing  a thin  calcareous  layer 
al)Out  25  feet  above  its  base.  It  is  light  to  medium  gray  or  yellowish 
gray  and  weathers  grayish  brown.  Individual  beds  range  in  thickness 
from  1 inch  to  H/a  f<?et.  Interbeds  of  shale  are  not  common  in  this 
exposure,  but  they  are  common  in  other  exposures  in  the  vicinity.  Only 
the  upper  part  of  the  Sharpsville  Sandstone  is  exposed  in  the  Neshannock 
quadrangle. 

At  Pine  Run,  in  Sharon,  Pa.,  20  feet  of  the  Sharpsville  is  exposed.  At 
this  exi)osure  the  Sharpsville  consists  of  very  fine-grained  light-gray 
sandstone  in  laminated  ])lanar  beds  1 to  2 feet  thick,  intercalated  3-inch 
beds  of  gray  shale,  and  occasional  thin  beds  of  siderite.  The  sandstone 
weathers  locally  to  thin  flags  and  is  overlain  by  intcrliedded  shale  and 
siltstone. 

The  Sharpsville  Sandstone  can  lie  identified  from  the  electric  log  of 
well  Mr-925,  which  is  O/ij  miles  east  of  Hickory,  Pa.,  near  the  northern 
edge  of  the  Neshannock  quadrangle  and  If/fi  miles  southeast  of  the  type 
area  of  the  Sharpsville.  The  Sharpsville  apjiears  to  be  composed  mostly 
of  shale  and  beds  of  sandstone  1 to  3 feet  thick  in  a 30-foot  interval  that 
lies  95  feet  below  the  Shenango  Sandstone.  The  Sharpsville  may  also  be 
identified  from  the  logs  of  well  La-911,  which  was  drilled  for  oil  and  gas 
11/2  miles  northeast  of  New  Bedford;  here  the  Sharpsville  lies  184  feet 
above  the  Cussewago  Sandstone  and  75  feet  above  the  Berea  Sandstone. 

Logs  of  wells  drilled  just  south  of  the  Neshannock  quadrangle — in  the 
Bessemer  pool  and  Big  Run  jiool.  near  (libsondale — generally  show  a 25-to 
60-foot  sandstone.  This  sandstone,  referred  to  as  the  Amlier  sand,  is 
50  to  70  feet  above  the  Berea  Sandstone,  110  to  140  feet  above  the 
Cussewago  Sandstone,  and  aliout  75  feet  lielow  the  “Slippery  Rock  sand- 
stone,” which  is  here  considered  to  be  a .subsurface  equivalent  of  (he 
Shenango  Formation.  This  sand  referrerl  to  in  the  logs  as  the  Amber 
sand  is  considered  to  be  the  subsurface  eciuivalent  of  the  Sharpsville 
Sandstone.  Obviously,  the  terms  “Amber”  and  “Berea”  have  not  been 
used  consistently  for  the  same  stratigrai)hic  units.  In  those  well  logs  that 
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do  not  record  the  sandstone  believed  to  be  the  subsurface  equivalent  of 
the  Sharjisville,  the  term  Amber  sand  is  misapplied  to  the  Berea  Sandstone 
and  the  term  “Berea”  is  misapplied  to  the  Cussewago  Sandstone. 

The  Sharpsville  is  not  continuously  traceable  throughout  the  Neshan- 
nock  quadrangle  by  the  use  of  well  logs,  and  it  is  poorly  defined  in  the 
electric  logs  of  well  iMr-956,  at  West  Aliddlesex,  and  well  La-443,  about 
1 mile  east  of  Coaltown.  Strata  in  the  position  occupied  by  the  Sharpsville 
are  usually  recorded  in  well  logs  as  sandy  shale  or  shale  and  shells  and 
are  not  usually  differentiated  from  the  overlying  Meadville  Shale  or 
underlying  Orangeville  Shale,  the  other  formations  of  the  Cuyahoga 
Group. 

Meadville  Shale 

The  IMeadville  Shale,  in  the  Ncshannock  area,  is  typically  a 60-  to 
90-foot  unit  of  interbedded  gray  shale,  silty  shale,  and  thin  beds  of  silt- 
stone  and  very  fine-grained  sandstone.  Nodules  and  thin  layers  of  siderite 
are  common  locally,  and  shell  impressions  are  occasionally  found  on  the 
under.surfaces  of  the  siltstone  beds.  The  formation  was  referred  to  by 
White  (1880,  p.  61),  in  his  report  on  Mercer  County,  as  the  Crawford 
Shale. 

The  term  “Aleadville  Group”  was  first  used  by  White  (1881,  p.  68), 
in  his  report  on  Crawford  and  Erie  Counties,  in  place  of  the  Crawford 
Shale  of  Carll  (1880,  p.  82),  because  the  original  definition  of  Crawford 
Shale  l)y  Carll  included  (according  to  White)  “all  the  soft  measures 
pierced  by  the  drillers  before  reaching  the  First  Venango  Oil  Sand”, 
which  included  all  the  strata  now  assigned  to  the  Mississippian  System. 

The  Meadville  Group  of  I.  C.  White  included  what  is  now  the  Meadville 
Shale,  Shar])svillc  Sandstone,  and  Orangeville  Shale — the  equivalent  of 
the  pi’csently  accejited  definition  of  the  Cuyahoga  Group  in  northwest 
Pennsylvania.  White  sul)stituted  the  names  “Crawford”  and  “Meadville” 
for  Cuyahoga,  because  the  Cuyahoga  (as  then  defined)  included  the 
Shenango  Sandstone  and  Shenango  Shale  of  White,  and  there  was  a pos- 
sibility (White,  I.  C.,  1880,  j).  59)  “That  the  Shenango  Sandstone  is  the 
Pennsylvania  I'eiircsentative  of  the  lower  part  of  the  Ohio  conglomerate 
(Sharon  conglomerate);  which  would  confine  the  name  Cuyahoga  Shales 
to  the  lower  shales  and  leave  the  upper  shales  without  a name.”  x\s 
used  in  1961,  the  Cuyahoga  Group  in  northwest  Pennsylvania  excludes 
the  Hemi)field  Shale  and  the  Shenango  Sandstone  of  White;  the  name 
INIeadville  Shale  is  used  for  the  ujiimr  shale  formation  of  the  Cuyahoga 
Gi'oup,  which  includes  the  l)eds  between  the  base  of  the  Shenango  Forma- 
tion and  the  toj)  of  the  Sharpsville  Sandstone. 

The  lower  boundary  of  the  (Meadville  Shale  cannot  be  recognized  in 
many  well  records  througliout  the  Ncshannock  quadrangle,  because  the 
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underlying  Sharpsville  Sandstone  is  either  i)oorly  developed  or  is  not 
noted  in  well  logs.  The  upper  boundary  is  placed  at  the  base  of  the 
Shenango  Sandstone,  which  is  the  Slippery  Rock  sand  of  the  well  drillers. 

The  Meadville  Shale  includes  a thin  but  persistent  bed  of  calcareous 
very  fine-grained  sandstone  that  was  recognized  and  traced  by  the  First 
Pennsylvania  Geological  Survey  (Rogers,  1858,  1,  p.  584)  from  Meadville, 
Pa.  south  to  Sharon,  Pa.  White  ( 1880,  p.  61)  reported  that  “a  remarkable 
shell  bed”  occurred  25  feet  below  the  top  of  the  Meadville  Shale  at 
Brookfield,  Ohio,  3 miles  west  of  Sharon,  Pa.,  and  referred  to  it  as  the 
INIeadville  Limestone.  White  did  not  mention  recognizing  the  upper  lime- 
stone bed  of  the  Meadville  elsewhere  in  his  report  on  Mercer  County,  and 
the  bed  was  not  identified  in  the  Neshannock  ciuadrangle  during  the 
present  investigation. 

Exposures  of  the  Meadville  Shale  in  the  Neshannock  ciuadrangle  are 
restricted  to  the  vicinity  of  Sharon,  Pa.,  where  a local  steepening  of  the 
regional  dip  to  the  southeast  brings  the  hleadville  above  the  level  of  the 
Shenango  River.  The  hleadville  Shale  has  been  identified  elsewhere  in 
the  Neshannock  ciuadrangle  by  means  of  drillers’  logs. 

The  best  exposures  of  the  Meadville  arc  along  Pine  Run  and  U.  S.  Route 
62  bypass,  in  Sharon,  Pa. 


Shenango  Formation 

The  Shenango  Formation  was  first  named  the  Shenango  Sandstone  by 
I.  C.  White  (1880,  p.  59-60)  for  outcrops  at  several  places  along  the 
Shenango  River;  no  specific  type  locality  was  designated.  The  Shenango 
was  described  by  White  as  a coarse-grained,  generally  poorly  cemented, 
brownish-white  rock,  that  ranged  in  thickness  from  2 to  25  feet,  and 
contained  large  ciuantitics  of  siderite  nodules,  pebbles  from  the  under- 
lying Meadville  Shale,  and,  locally,  abundant  shells  and  fish  remains. 

The  interval  occupied  by  the  Shenango  in  the  Neshannock  ciuadrangle 
is  occupied  by  both  shale  and  sandstone  in  nearby  areas  east  of  the 
Neshannock  ciuadrangle  (Sherrill  and  Matteson,  1939,  p.  7-8;  1941,  p. 
12-13)  (Dickey  and  others,  1943,  p.  15-18).  For  this  reason,  the  name 
Shenango  Formation  is  used  in  this  report. 

Descriptions  of  the  Shenango  by  White  (1880)  are  almost  entirely 
for  sections  measured  west  and  north  of  the  Neshannock  quadrangle. 
Some  of  these  sections  are  reviewed  here  for  purposes  of  illustrating 
changes  in  the  thickness  and  lithology  of  the  Shenango.  The  Shenango 
was  reported  to  be  7 feet  thick  at  Whittackcu'  Falls,  Ohio,  2y^  miles 
southwest  of  Sharon,  Pa.  (White  1880,  p.  122).  White  (1880,  p.  123) 
described  the  Shenango  as  being  only  3 feet  thick  and  “a  perfect  mass 
of  shell  and  plant  remains”  at  Brookville,  Ohio,  1 miles  west  of  Whittacker 
Falls,  Ohio.  Nortli  of  the  Shenango  River,  1 mile  west  of  the  northeast 
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corner  of  Hickory  Township,  the  Shenango  was  described  by  White 
(1880,  p.  106)  as  being  15  feet  thick  and  composed  of  coarse-grained 
sandstone,  siderite  nodules,  and  some  fish  remains.  It  was  20  feet  thick 
half  a mile  below  the  Big  Bend  of  the  Shenango  River  (White  1880,  p. 
154).  White’s  sections  show  at  least  a local  westward  thinning  of  the 
Shenango. 

The  Shenango  Formation  in  the  Neshannock  quadrangle  is  dark  olive 
brown  on  weathered  surfaces  and  yellowish  orange  to  light  gray  in  fresh 
exposures.  It  is  a fine-  to  medium-grained,  planar-  to  cross-bedded 
sandstone  7 to  60  feet  thick.  At  its  base  there  is  generally  a conglomeratic 
sandstone  that  ranges  in  thickness  from  0 to  2 feet  and  lies  disconformably 
on  gray  shale  and  siltstone  of  the  Meadville  Shale.  The  pebbly  material 
in  the  conglomeratic  sandstone  averages  one-half  to  three-quarters  of 
an  inch  in  diameter  and  is  composed  of  shale,  siltstone,  and  siderite  in 
a matrix  of  medium-grained  calcareous  sandstone.  A 1-  to  3-foot  bed 
of  hard  calcareous  sandstone,  which  weathers  to  smooth  curved  surfaces, 
was  noted  near  the  base  of  the  Shenango  Formation  at  several  exposures 
south  of  Sharon,  Pa. 

The  contact  between  the  Shenango  Formation  and  the  overlying  Hemp- 
field  Shale  is  drawn  at  the  top  of  the  massive  sandstone  or  at  the  base 
of  alternating  sequences  of  sandstone  and  shale.  It  is  exposed  at  only  a 
few  places  in  the  Neshannock  quadrangle.  The  maximum  observed  relief 
on  the  contact  between  the  Shenango  Formation  and  the  Meadville  Shale 
is  about  15  feet. 

The  Shenango  Formation  is  particularly  well  exposed  near  where 
Buchanan  Run  enters  the  Shenango  River  flood  plain,  northeast  of  the 
village  of  Pulaski,  Pa.  Here  it  is  40  to  55  feet  thick,  the  lower  20  to 
35  feet  of  the  formation  consisting  of  jiredominantly  planar,  thin-bedded, 
locally  flaggy,  fine-grained  sandstone.  The  variation  in  thickness  is  due 
to  relief  at  the  base  of  the  unit.  A conglomerati-c  calcareous  sandstone 
0 to  2 feet  thick,  containing  pebbles  of  siderite  and  shale,  occurs  over 
the  topographically  high  points  of  the  pre-Shenango  surface  and  is  over- 
lain  by  a cross-bedded  calcareous  sandstone  2 feet  thick.  The  cross- 
bedding dips  to  the  west.  The  topographically  low  points  on  the  pre- 
Shenango  surface  are  overlain  by  thin-bedded,  fine-grained,  flaggy  sand- 
stone. Imprints  of  shells  were  found  on  bedding  surfaces  8 to  10  feet 
above  the  base  of  the  formation  over  the  topographic  lows.  A few  feet 
below  the  top  of  the  planar-bedded  to  flaggy  part  of  the  Shenango,  the 
sandstone  contains  carbonaceous  material  and  impressions  of  tree 
branches. 

The  upper  20  feet  of  the  Shenango  Formation  at  Buchanan  Run  is  a 
fine-  to  medium-grained  crossbedded  sandstone.  The  lower  surfaces  of 
the  sets  of  cross  strata  are  planar  to  curved.  The  crossbedding  dips  gen 
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orally  westward.  The  Shonango  Formation  is  rarely  completely  exposed 
in  the  Neshannock  riuarli'angle  although  jiarts  of  it  are  exposed  in  lower 
reaches  of  many  of  the  small  tributaries  to  the  Shenango  and  IMahoning 
Rivers. 

Some  of  the  stratigraphic  features  observed  in  Buchanan  Run  were 
observed  in  other  eximsures  of  the  Shenango  in  the  Xeshannock  quad- 
rangle, but  detailed  correlation  of  the  stratigraphic  features  is  not  possible 
with  available  information.  Identification  of  the  formation  is  based 
chiefly  on  stratigraphic  position  and  the  presence  of  calcareous  sandstone 
beds  and  fossils. 

The  thinning  of  the  Shenango  to  the  west,  as  shown  in  Figure  3,  sug- 
gests an  easterly  source  for  the  Shenango,  which  is  in  agreement  with 
conclusions  drawn  by  Pelletier  (1958,  p.  1061  for  presumably  equivalent 
strata  farther  east  in  Penn.'^ylvania. 


Hemp  field  Shale 

The  formation  here  referred  to  as  the  Henijifield  Shale  was  first  named 
Shenango  Shale  by  White  (1880  p.  59).  In  order  to  avoid  using  the 
same  geographic  name  for  more  than  one  formation,  Caster  (1934,  p.  14) 
proposed  tlie  name  Hempfield  Shale  to  replace  White’s  Shenango  Shale 
and  restricted  the  usage  of  the  name  Shenango  to  the  underlying  sand- 
stone. 

The  Hempfield  Shale  (Shenango  Shale  of  I.  C.  White)  was  described 
by  White  (1880,  p.  60)  as  a 36-  to  50-foot  unit  of  flaggy  sandstone 
containing  interstratified  layers  of  shale  and  (rare)  poorly  preserved 
shell  and  plant  impressions. 

In  the  Neshannock  f|uadrangle  the  Hempfield  Shale  is  composed  of 
gray  shale,  intercalated  thin  beds  of  fine-grained  micaceous  sandstone 
or  siltstone,  and  thin  layers  of  siderite  nodules.  The  Hempfield  ranges 
in  thickness  from  15  to  60  feet,  but  most  well  logs  show  it  to  be  about  45 
feet  thick.  The  Hempfield  Shale  is  thinnest  under  the  sandstone  channel 
deposits  at  the  base  of  the  Sharon  Formation.  Where  the  lower  sandstone 
member  of  the  overlying  Sharon  Formation  is  present  or  recognizable,  in 
the  northwest  })art  of  the  area,  the  upper  boundary  of  the  Hempfield  is 
well  defined.  Where  the  sandstone  member  of  the  Sharon  is  not  present^ — 
but  the  Sharon  coal  is — the  top  of  the  Hempfield  is  placed  at  the  base  of 
the  Sharon  coal  or  at  the  base  of  the  underclay,  if  it  is  present.  Through- 
out most  of  the  Neshannock  quadrangle  the  Sharon  coal,  its  underclay, 
and  the  sandstone  member  of  the  Sharon  could  not  be  identified;  there- 
fore, the  top  of  the  Hempfield  was  placed  at  the  base  of  the  lowest 
sandstone  bed  of  the  Connociuenessing  Formation. 
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Well  location  showing  thickness 
of  Shenongo  Fm.  in  feet. 


Outcrop  showing  thickness 
of  Shenongo  Fm.  in  feet. 


Figure  3.  Isopach  map  of  the  Shenongo  Formation  in  the  Neshonnock  quadrangle. 
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Pennsylvanian  System 
Pottsx'ille  Group 

Sharon  Formation 

The  Sharon  Formation  is  here  used  to  include  strata  referred  to  by 
White  1 1879,  1880,  1881)  as  the  Sharon  Conglomerate  and  Sharon  Shales. 
It  has  long  been  considered  the  basal  formation  of  the  Pennsylvanian 
System  in  western  Pennsylvania.  The  Sharon  i'  designated  as  a formation 
consisting  of  a lower  conglomerate  member  and  an  ujipcr  shale  member. 
The  usage  of  the  term  “formation”  instead  of  "conglomerate”  in  the 
lithologic  part  of  the  formal  name  of  the  Sharon  departs  from  current 
usage — as  in  Fuller  (1955),  where  the  Sharon  Conglomerate  refers  to 
just  the  conglomerate  member  of  the  Sharon  Formation  of  this  report. 
Because  the  Sharon  is  poorly  exposed  in  the  Xeshannock  area,  it  would 
be  inappropriate  to  suggest  a new  name  for  the  Sharon  Shale  of  White 
(1880,  ]).  51-58)  at  this  time. 

For  jnirposes  of  desci'iption  and  mapping  in  this  report,  the  base  of 
the  Sharon  Formation  has  been  ))laced  at  the  base  of  the  conglomerate 
member,  where  it  is  present.  Where  the  conglomerate  member  is  absent, 
the  base  of  the  Sharon  Formation  is  placed  at  the  base  of  the  Sharon  coal. 
Where  both  the  Sharon  coal  and  the  conglomerate  member  are  absent, 
the  Sharon  Formation  cannot  be  defined  and  is  included  in  the  underlying 
Hempfield  Shale  or  the  overlying  Connociuenessing  Sandstone.  The  con- 
tact between  the  conglomerate  member  and  the  shale  member  could  not 
be  followed  in  mapping. 

Th.e  Sharon  Formation  could  be  traced  in  only  the  northwest  part  of 
the  Neshannock  15-niinute  rjuadrangle — essentially  in  the  Sharon  East 
Tbh-rainute  quadrangle.  Thin  stringers  of  coal  occur  locally  below  the 
Connoquenessing  Formation;  because  these  thin  stringers  of  coal  and 
coaly  shale  could  not  be  traced  laterally  in  the  Xeshannock  quadrangle, 
they  are  here  included  in  the  Heiniifield  Shale.  This  is  in  agreement  with 
White  (1879,  jn  69)  who  stated:  “In  no  portion  of  Lawrence  [county] 
do  we  find  any  congk)merate  or  massive  sandstone  below  the  horizon  of 
this  coal  but  the  Cuyahoga  [Hempfield  | Shale  with  its  fossils  extends 
up  to  the  very  base  of  the  lower  part  of  the  Alassillion  [Connoquenessing] 
Sandstone.”  White  (1879,  j).  68)  states,  concerning  the  Sharon  coal: 
“This  celebrated  bed  which  attains  such  immense  imjmrtance  in  the 
county  immediately  north  of  Lawrence,  has  never  been  found  of  workable 
dimensions  in  the  area  | Lawrence  County  | we  are  considering  * * * It 
comes  indeed,  to  within  a few  rods  of  the  county  line,  but  it  there 
suddenly  thins  away  to  a feather  edge  and  disajipcars.” 

In  summary,  most  of  the  information  concerning  the  Sharon  Formation 
that  was  gathered  during  this  investigation  is  shown  in  Section  A-A' 
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(Plate  2).  This  information  was  obtained  mostly  from  well  logs  and 
reports  from  individuals  concerning  the  depth  to  coal  in  mines.  No 
exposure  of  the  entire  Sharon  Formation  was  observed  during  this  in- 
vestigation, and  the  formation  could  not  be  traced  away  from  Hickory 
and  Shenango  Townshii)s,  IMercer  County,  by  means  of  well  logs. 

White  (1880,  p.  51-58)  described  rocks  here  included  in  the  Sharon 
Formation  as  consisting  of  the  Sharon  shales,  here  referred  to  as  the 
shale  member  of  the  Sharon  Formation,  and  the  Sharon  conglomerate 
here  referred  to  as  the  conglomerate  member  of  the  Sharon  Formation. 

Shale  member. — The  shale  member  of  the  Sharon  was  described  by 
White  (1880,  p.  51-56)  as  a dark  bluish-gray  to  light-gray  shale  and 
sandy  shale  containing  thin  layers  and  nodules  of  siderite.  Several  beds 
of  coal  less  than  1 foot  thick,  which  are  considered  to  be  “rider”  veins  to 
the  Sharon  coal  (0  to  5 feet  thick),  occur  near  or  at  the  base  of  the  shale 
member.  The  shale  immediately  overlying  the  Sharon  coal  bed  contains 
numerous  impressions  of  plants  and  was  referred  to  informally  by  White 
as  the  Sharon  Plant  Shales.  The  interval  between  the  base  of  the 
Sharon  coal  and  the  top  of  the  conglomerate  member  of  the  Sharon 
Formation  was  described  by  White  as  consisting  of  underclay  and  shale, 
which  is  missing  in  some  places.  Where  the  underclay  and  shale  are 
missing,  the  Sharon  coal  rests  directly  on  the  conglomerate  member. 
The  thickness  of  the  shale  member  of  the  Sharon  Formation  ranges  from 
0 to  50  feet  but  is  typically  between  10  and  30  feet. 

No  complete  eximsure  of  the  shale  member  was  seen  during  this  in- 
vestigation. One  of  the  best  partial  exposures  of  this  unit  was  found  a 
quarter  of  a mile  northeast  of  Hermitage,  Hickory  Township,  IMercer 
County,  where  a small  pit  adjacent  to  Pine  Hollow  Run  was  dug  to  pro- 
vide landfill.  Here  about  25  feet  of  the  shale  member  is  exposed,  and 
approximately  20  feet  of  the  conglomerate  member  can  be  seen  in  a 
continuous  exposure  in  the  adjacent  stream  valley.  The  contact  between 
the  shale  member  and  the  conglomerate  member  is  sharp  and  irregular. 
Beds  of  black  shale  1-  to  13-feet  thick,  containing  layers  and  nodules  of 
siderite,  overlie  the  conglomerate.  The  black  shale  is  overlain  by  the 
Sharon  coal  bed,  which  is  about  1 foot  thick.  The  coal  is  overlain  by  10 
feet  of  dark  gray  shale.  Relief  on  the  Sharon  coal  bed  is  about  12  feet 
in  a distance  of  50  feet.  The  maximum  local  relief  observed  on  the  Sharon 
coal  bed  in  the  Neshannock  quadrangle  is  about  40  feet.  This  relief  is 
believed  to  result  from  excessive  compaction  of  coal  and  shale,  compared 
to  that  of  the  sand,  giving  the  effect  of  the  coal  draping  over  the  thick 
sandstone-filled  channels  in  the  conglomerate  member.  White  (1880,  p. 
123)  found  the  floor  of  the  coal  uneven  at  Brookfield,  Ohio,  3 miles  west 
of  Sharon.  He  related  it  to  “*  * * piles  of  conglomerate,  which  often 
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rise  at  an  angle  of  15°  to  a lieight  of  20  to  30  feet  * * and  noted  that 
the  coal  thinned  over  the  topographic  highs. 

The  Sharon  coal  bed  was  mined  extensively  in  the  northwest  corner 
of  the  Neshannock  (piadrangle  during  the  last  half  of  the  19th  Century. 
Many  exposures  of  the  Sharon  coal  bed  in  adits  and  mine  shafts,  com- 
bined with  records  of  the  mine  operators,  provided  White  (1880)  with 
information  on  the  Sharon  coal  and  associated  strata.  Few  new  data 
have  been  recorded  concerning  the  Sharon  Formation  and  the  Sharon  coal 
since  that  time. 

The  importance  of  the  Sharon  coal  in  the  economy  of  the  Shenango 
Valley  in  the  jiast  can  be  appreciated  from  the  following  quotes  from 
Eavenson  (1952,  p.  2251:  “Coal  was  found  near  Sharon  probably  as 
early  as  1810  and  actual  mining  began  about  1835  * * * The  coal  had 
a different  structure  from  most  western  Pennsylvania  coal,  it  was  lamin- 
ated, split  in  flat  blocks,  very  hard  to  break  across  the  laminations.  It 
was  strong  enough  to  stand  the  weight  of  the  burden  in  the  furnaces  of 
those  days  and  after  1849,  for  many  years,  all  iron  made  in  this  locality, 
and  some  furnaces  in  Ohio,  used  raw  coal  for  fuel.  During  the  Civil 
War,  the  output  of  the  County  (Mercer  (exceeded  2,500  tons  per  day, 
a considerable  tonnage  then.”  The  following  quotes  from  Wdiite  (1880, 
p.  55)  concern  the  reserves  of  the  coal:  “The  quantity  of  Sharon  coal 
remaining  unmined  is  hard  to  calculate,  because  new  areas  of  it  are 
discovered  every  few  years.  But  the  best  informed  men  in  the  Shenango 
Valley  state,  that  more  than  half  the  known  available  coal  has  been 
extracted;  that  25  or  30  years  more  mining  will  practically  exhaust  the 
known  areas;  and  that,  making  a liberal  allowance  for  areas  to  bo 
discovered,  and  at  the  rate  of  ]u-oduction  for  the  last  20  years,  50  years 
more  will  certainly  exhaust  the  whole.” 

The  estimates  of  coal  reserves,  made  in  about  1879,  were  fairly  ac- 
curate, for  in  1961  no  Sharon  coal  had  been  mined  for  commercial  use 
for  several  years  in  the  vicinity  of  Sharon,  Pa.  The  only  jilaco  where  the 
coal  was  mined  in  the  few  years  preceding  1961  is  a quarter  of  a mile 
northeast  of  Hermitage,  wdiere  coal  a little  over  1-foot  thick  was  un- 
covered by  accident  while  shale  and  gravel  were  being  strip  mined  for 
fill.  A few  tons  of  coal  are  mined  yearly  from  this  jut,  for  consumjition  by 
the  property  owner.  Elsewhere  in  the  Sharon  area  all  vestiges  of  the 
once-important  coal-mining  industry  are  rajiidly  disai>])caring  as  the 
spoil  jiiles  arc  hauled  away  for  use  as  road  metal.  Most  of  the  mine 
openings  have  been  filled  in. 

Conglomerate  member. — White  ( 1880,  j).  56)  described  the  conglomerate 
member  of  the  Sharon  Formation  at  Sharon,  Pa.,  as  being  tyjiically  20 
feet  thick  and  made  uji  of  two  equal  layers;  the  ujijicr  layer  being  a 
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moderately  coarse-grained  white  sandstone  and  the  lower  layer  a con- 
glomerate of  loosely  cemented  pebbles  in  a matrix  of  bluish-gray  sand. 

The  conglomerate  member,  where  seen  during  this  investigation,  was  a 
medium-  to  fine-grained,  light-gray  to  white,  quartz  sandstone.  The 
term  “conglomerate”  is  retained  for  this  unit,  although  no  exposures  of 
conglomerate  were  seen  in  the  Neshannock  quadrangle  diu'ing  this  investi- 
gation. Exposures  of  conglomerate  were  reported  by  'White  (1880),  and 
locally  conglomeratic  exposures  of  the  member  near  Greenville,  Pa.,  and 
in  Turnbull  County,  Oliio,  were  reported  by  Fuller  (1955,  p.  173). 

The  conglomerate  meml)er  was  identified  positively  in  only  scattered 
outcroi)s  in  Hickory  and  Shenango  Townships,  hlercer  County,  Pa.  The 
exposure  of  the  conglomerate  member  of  the  Sharon  near  Hermitage,  Pa., 
as  shown  in  Section  A-A'  (Plate  2),  is  interpreted  as  a cross-section  of 
a channel-fill  sandstone  and  is  believed  to  be  the  southerly  extension  of 
a sandstone  exi)osed  H/j  miles  north  of  Lamonts  Corners,  Pa.,  in  the 
Sharpsville  quadrangle.  This  channel-fill  sandstone  could  not  be  traced 
farther  to  the  south.  East  of  the  Neshannock  quadrangle,  a sandstone 
unit  has  l)een  identified  in  the  electric  log  of  well  l\Ir-944,  at  fiercer  Pa., 
at  the  stratigraphic  level  of  the  conglomerate  member  of  the  Sharon. 
The  conglomerate  member  of  the  Sharon  could  not  be  traced  between 
Plermitage  and  IMercer,  Pa. 

.A.lthougli  the  data  are  fragmentary  there  is  strong  suggestion  that  the 
conglomerate  member  in  the  northwest  part  of  the  Neshannock  quadrangle 
occurs  in  shoestring-type  sandstone  bodies  that  fill  channels.  Fuller  1 1955, 
p.  174)  suggests  a deltaic  or  alluvial  plain  as  the  environment  of  deposi- 
tion of  the  conglomerate  member. 

The  Sharon  Formation  was  studied  extensively  in  northeast  Ohio  by 
Rittenhouse  (1946),  Bowen  (1953)  and  Fuller  (1955).  The  Sharon  is 
quarried  in  that  area  as  a source  of  high  (967o  SiOo)  silica  rock  for 
foundry  sand,  ferrosilica,  and  silica  brick.  The  conglomerate  member 
of  the  Sharon  Formation  in  the  area  just  west  of  the  Neshannock  quad- 
rangle was  described  l)y  Fuller  (1955,  p.  173)  as  consisting  mainly  of 
orthocpiartzite  having  one  known  southerly  trending  conglomerate  belt. 
Studies  of  stratigraphic  features  and  physical  composition  led  Fuller  to 
believe  that  the  Sharon  had  a northern  source  and,  based  on  heavy 
mineral  studies  of  Rittenhouse  (1946,  p.  1195),  to  conclude  that  the 
source  of  the  Sharon  in  Trumbull  County,  Ohio  was  the  same  as  that  of 
the  Olean  Conglomerate. 

The  .conglomerate  membei'  of  the  Sharon  Formation  is  not  quarried  in 
the  Neshannock  ciuadrangle  at  present,  but  it  is  quarried  9 miles  north 
of  the  Neshannock  quadrangle  (near  Gi’ccnville,  Pa.)  l)y  the  White  Rock 
Silica  Sand  Company,  for  refractory,  roadstone,  filler,  and  foundry 
jiurposes. 
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C onnoquenessing  Formation 

The  name  “Connoquenessing  Sandstone”  was  applied  l)y  White  (1878) 
to  all  the  “massive  rock”  between  the  lower  limestone  bed  of  the  Mercer 
Shale  and  the  Sharon  coal.  White  (1879,  p.  63-64)  described  the  Con- 
noquenessing  as  follows:  “we  find  it  in  Lawrence  County  split  up  into 
an  upper  and  lower  massive  portion  with  a coal  horizon  in  the  center 
* * * we  have  accordingly  termed  the  upi)er  massive  ledge  the  Upper 
Connoquenessing  Sandstone  from  the  fact  that  it  forms  the  upper  cliff 
rock  along  that  stream  between  its  mouth  and  Slii^pery  Rock,  and  the 
lower  massive  member  we  have  termed  the  Lower  Connoquenessing  Sand- 
stone, because  it  is  frequently  seen  along  the  bed  of  the  same  stream.” 

The  coal  between  the  upper  and  lower  sandstone  units  of  the  Con- 
noquenessing was  named  the  Quakertown  coal  bed  by  White  (1879,  p. 
65)  for  its  occurrence  in  Quakertown  Run,  1 mile  northwest  of  Hillsville, 
Pa.  White  (1879,  1880)  and  DeWolf  (1929)  also  used  the  name  Quaker- 
town to  refer  to  the  shales  associated  with  the  Quakertown  coal  bed. 

The  Connoquenessing  is  here  called  the  Connoquenessing  Formation 
and  can  be  subdivided  locally,  for  descriptive  purposes,  into  three  mem- 
bers: (1 ) an  upper  sandstone  member,  ccpiivalent  to  the  Upper  Connoque- 
nessing Sandstone  of  White  (1879  and  1880) ; (2l  a middle  shale  member, 
equivalent  to  the  Quakertown  coal  and  shale  of  White  (1879,  and  1880) 
and  DeWolf  (1929);  and  (3)  a lower  sandstone  member,  equivalent  to 
the  Lower  Connoquenessing  Sandstone  of  White  (1879  and  1880).  Lateral 
variations  in  the  lithology  of  the  Connociuenessing  have  been  noted  and 
emphasized  in  all  previous  reports  describing  the  nature  of  this  formation 
in  northwest  Pennsylvania. 

The  upper  sandstone,  lower  sandstone,  and  middle  shale  members  of 
the  Connoquenessing  are  not  uniformly  developed  in  the  Neshannock 
area.  The  sandstone  members  are  best  developed  in  poorly  defined,  gen- 
erally northwest-southeast  trending,  overlapping,  meandering,  linear  belts 

4 to  5 miles  wide,  in  which  the  Connoquenessing  Formation  is  composed 
predominantly  of  sandstone.  The  middle  shale  member  is  most  clearly 
defined  along  the  flanks  of  the  linear  belts  of  thick  sandstone.  Within 
the  linear  belts  of  thick  sandstone,  the  shale  member  is  discontinuous  and 
lenticular  and  cannot  be  traced  reliably.  In  the  areas  between  the  linear 
belts  of  thick  sandstone,  both  the  upper  and  lower  sandstone  members 
are  poorly  defined  and  are  represented  by  one  or  more  units  of  sandstone 

5 to  10  feet  thick.  In  these  areas  the  Connoquenessing  Formation  con- 
sists mostly  of  shale. 

The  lateral  variations  in  the  lithology  of  the  members  of  the  Conno- 
quenessing Formation  have  not  been  mapi)ed  in  detail  in  the  field,  but 
they  are  shown  in  cross-section  in  Plate  2.  The  local  variation  in  lithology 
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Figure  4.  Exposure  of  the  Connoquenessing  Formation  in  a quarry  half  a mile  north  of  Croton 
School  at  New  Castle,  Pa.  IPcou,  upper  sandstone  member;  IPcom,  middle  shale 
member  containing  a black  carbonaceous  shale  zone  at  top  (Qc)  representing  the 
Quakertown  coal  bed;  IPcol,  lower  sandstone  member,  containing  a shale  lens. 


within  one  of  the  linear  belts  of  thick  sandstone  is  shown  in  Figure  4, 
where  several  shale  lenses  are  shown.  These  lenses  are  considered  as 
“shale  ])lugs”  filling  channels  of  abandoned  meanders. 

The  base  of  the  Connoquenessing,  for  mapping  purposes,  has  been 
drawn  at  the  base  of  a sandstone  unit  believed  to  be  continuous  through- 
out most  of  the  Neshannock  quadrangle.  It  lies  140  to  150  feet  below  the 
lower  limestone  bed  af  the  Mercer  Shale  and  240  to  265  feet  below  the 
base  of  the  Vanjmrt  Limestone.  In  the  northwest  part  of  the  Neshannock 
(luadrangle,  near  IMcrcer,  Pa.,  and  in  the  northeast  part  of  the  riuadrangle, 
the  Connoquenessing  is  underlain  by  the  shale  member  of  the  Sharon 
Formation.  In  the  southern  half  of  the  Neshannock  quadrangle,  neither 
the  Sharon  coal  nor  the  conglomerate  member  of  the  Sharon  are  known 
to  be  present.  Their  equivalents  (if  present)  are  included  in  the  Hemii- 
field  Shale,  which  underlies  the  Connociuenessing  Formation. 
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The  contact  between  the  Connoquenessing  and  the  Mercer  Sliale  is 
drawn  on  top  of  the  uj)jier  sandstone  nieinher  of  the  Connociuenessing 
Formation.  In  areas  where  the  upper  sandstone  member  is  j)Oorly  de- 
veloped or  absent,  tlie  shale  member  is  considered  to  extend  up  to  the 
base  of  the  IMercer  Formation,  and  the  contact  is  arbitrarily  placed,  for 
mapping  purposes,  15  feet  below  the  base  of  the  lower  limestone  bed  of 
the  Mercer  Formation. 

The  total  thickness  of  the  Connoquenessing  in  the  Xeshannock  quad- 
rangle, as  measured  in  surface  exi)Osures,  ranges  from  100  to  180  feet. 


Figure  5.  Lower  sandstone  member  of  the  Connoquenessing  Formation  north  of  Croton  School, 
New  Castle,  Pa.,  showing  variations  in  bedding. 

Loicer  sandstone  member. — The  lower  sandstone  member  of  the  Conno- 
quenessing Formation,  in  the  quadrangle  south  of  the  X'eshannock 
quadrangle,  was  described  by  DeWolf  11929,  p.  56)  as  “a  coarse-grained, 
white  rock,  usually  massive  or  thick-bedded;  in  some  places,  however, 
it  may  be  conglomerate  or  shaly.  * * * The  exposures  of  this  bed  range 
from  5 to  75  feet  in  thickness,  averaging  40  feet  where  the  development 
is  not  abnormal.” 
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The  lower  sandstone  member  in  the  Neshannock  quadrangle  is  exposed 
in  many  places  along  the  tributaries  to  major  streams.  It  is  5 to  80  feet 
thick,  white,  light-gray,  or  yellowish-white  on  fresh  surfaces  and  pale 
brown  to  brownish  gray  on  weathered  surfaces.  Where  the  lower  sand- 
stone member  is  well  developed  it  consists  of  medium-  to  coarse-grained 
quartz  sandstone  in  planar  sets  of  cross  strata,  1 to  6 feet  thick,  and 
planar-bedded,  fine-  to  medium-grained,  micaceous,  quartz  sandstone  0.1 
to  2 feet  thick  and  lenticular  shale  units  (Figures  4 and  5).  In  ex- 
posures along  Neshannock  Creek  in  New  Castle,  Pa.,  where  the  lower 
sandstone  member  is  well  developed,  the  contact  at  the  base  of  the 
member  is  disconformable  and  well  defined,  and  the  lower  layers  of  the 
member  contain  pebbles  of  the  underlying  shale.  Where  the  lower  sand- 
stone member  is  not  well  developed,  it  is  predominantly  planar  bedded 
and  fine  grained.  The  contact  between  the  base  of  the  member  and  the 
underlying  shale  of  the  Hempfield  or  Sharon  Formation  is  not  always  so 
well  defined. 

The  dip  direction  of  crossbedding  in  the  lower  sandstone  member  is 
variable.  The  directions  of  dip  of  the  crossbedding  range  from  northeast, 
through  northwest,  to  southwest,  but  a few  crossbeds  dip  east,  southeast, 
or  south.  Resultant  downdip  direction  of  27  measurements  on  crossbeds 
is  north  70°  west,  as  shown  in  Figure  8. 

Middle  shale  member. — The  middle  shale  member  of  the  Connoquenessing 
Formation  is  poorly  exposed  in  the  Neshannock  quadrangle.  It  is  0 
to  70  feet  thick  and  consists  of  gray  to  brown  shale,  a few  thin  beds 
of  sandstone  and  siltstone,  thin  layers  and  nodules  of  siderite  and  the 
Quakertown  coal  bed,  which  is  0 to  3 feet  thick.  The  Quakertown  coal 
was  named  by  I.  C.  White  (1879,  p.  65)  for  exposures  about  1 mile  north- 
west of  Hillsville,  Pa.  It  was  mined  on  a very  small  scale,  for  local  use, 
in  a few  parts  of  the  quadrangle  in  the  mid-19th  century.  Outcrops  of 
this  coal  can  still  be  seen  at  many  of  the  localities  described  by  White 
(1879,  and  1880).  In  a few  places  black  papery  shale  is  associated  with 
the  Quakertown  coal  bed.  Where  the  coal  is  absent,  the  black  shale  is 
considered  as  an  indicator  of  the  stratigraphic  position  of  the  Quakertown 
coal  bed. 

The  contact  between' the  middle  shale  member  and  the  lower  sandstone 
member  is  generally  gradational.  The  upper  l)oundary  of  the  shale  mem- 
ber is  typically  sharj)  and  disconformable  where  the  upper  sandstone 
member  is  present.  Where  the  upper  sandstone  member  is  not  present, 
as  in  parts  of  Hickory  Township,  Mercer  County;  and  Mahoning  and 
Pulaski  Townshijis,  Lawrence  County;  the  upper  boundary  of  the  middle 
shale  member  is  considered  to  be  15  feet  below  the  base  of  the  lower 
limestone  bed  of  the  Mercer  Formation. 
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zipper  member. — The  ui)i)er  member  of  the  Connoquenessing  Formation 
was  referred  to  by  White  118801  and  DeWolf  (19291  as  the  Upper  Con- 
noquenessing  Sandstone.  White  (1880,  'p.  46  (described  the  upper  mem- 
ber in  Mercer  County  as  “a  tolerably  coarse  grayish-white  sandstone.” 
He  mentioned  also  that  it  was  locally  conglomeratic.  DeWolf  ( 1929,  |). 
53-54)  described  the  uiqicr  member  as  ranging  in  thickness  from  5 to 
84  feet  and  having  an  average  thickness  of  40  feet  in  the  New  Castle 
quadrangle,  which  is  south  of  the  Neshannock  quadrangle.  He  described 
it  also  as  being  a variably  bedded,  generally  coarse-textured  sandstone 
that  ranged  from  conglomerate  to  sandy  shale.  Both  White  (1880)  and 
DeWolf  (1929)  mention  localities  where  the  Mercer  Formation  is  absent 
and  the  Homewmod  Formation  and  upper  sandstone  member  of  the 
Connoquenessing  form  a continuous  sequence  of  sandstone,  and  DeWolf 
(1929,  p.  53)  states  that  in  })laces  the  upper  member  of  the  Connoque- 
nessing “*  * * is  probably  continuous  with  the  Lower  Connoquenessing 
Sandstone.” 

In  the  Neshannock  quadrangle,  the  upper  member  of  the  Connoque- 
nessing is  a fine-  to  very  coarse-grained,  locally  conglomeratic,  (juartz 
sandstone  that  includes  lenticular  units  of  shale.  It  is  0 to  70  feet  thick, 
light  gray,  white  or  yellowish  orange  on  freshly  exposed  surfaces  and 
pale  brown  to  brownish  gray  on  weathered  surfaces.  The  upper  member 
is  thin  to  thick  bedded  and  composed  jiredominantly  of  planar  sets  of 
cross  strata  but  containing  some  massive  planar  beds.  The  direction  of 
the  crossbedding  is  about  N.  40°  W.  The  upper  member  is  absent  in 
the  Neshannock  quadrangle  and  in  i)arts  of  Hickory  Township,  Lawrence 
County.  The  member  is  thickest  in  poorly  defined,  linear,  meandering 
belts  about  5 miles  wide  that  overlap  the  belts  of  thicker  sandstone  in 
the  lower  member  of  the  Connoquenessing  Formation. 

Mercer  Formation 

The  name  “Mercer”  was  first  used  as  a stratigraphic  name  by  Roger 
(1858,  p.  474-477)  for  exposures  at  Hells  Hollow,  in  East  Lackawannock 
Township,  Mercer  County,  Pa.  He  applied  the  term  “Mercer  Limestone” 
to  the  lower  limestone  bed  of  the  Mercer  Formation  of  current  usage. 
The  upper  limestone  bed  of  the  Mercer  was  called  Mahoning  Limestone 
by  Rogers  and  Upper  Wurtenburg  Limestone  by  Lesley  (1875);  these 
names  were  subsequently  abandoned  by  White  (1879,  p.  57)  to  avoid 
confusion  and  to  simplify  the  nomenclature.  White  substituted  the  name 
Upper  Mercer  Limestone  for  Roger’s  iMahoning  Limestone  and  the  name 
Lower  Mercer  Limestone  for  Roger’s  Mercer  Limestone.  He  api)lied  the 
name  Mercer  to  all  of  the  strata,  including  shale,  coal,  underclay,  sand- 
stone, and  limestone,  lying  between  the  upper  sandstone  member  of  the 
Connoquenessing  Formation  and  the  underclay  of  the  Tionesta  coal,  or — 
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where  the  Tionesta  coal  bed  was  absent — to  the  base  of  the  sandstone 
member  of  the  Homewood  Formation.  DeWolf  (1929)  defined  the 
Mercer  Formation  in  the  same  way.  The  Mercer  Formation,  as  used  in 
this  report,  applies  to  all  the  strata  between  the  upper  sandstone  member 
of  the  Connoquencssing  and  the  sandstone  member  of  the  Homewood 
Formation;  as  so  defined,  it  includes  the  Tionesta  or  Homewood  coal 
and  Homewood  shales  of  White  and  DeWolf. 

The  IMercer  Formation  in  the  Neshannock  quadrangle  has  a maximum 
thickness  of  90  feet  and  disappears  locally  where  the  sandstone  members 
of  the  Connoquenessing  and  Homewood  Formations  and  the  middle  sand- 
stone unit  of  the  Mercer  are  unsually  thick.  The  top  of  the  Mercer  is 
placed  at  the  disconformity  at  the  base  of  the  overlying  sandstone  mem- 
ber of  the  Homewood  Formation.  The  ba.se  of  the  Mercer  is  at  the  top 
of  the  u])per  sandstone  member  of  the  Connoquenessing  Formation. 
Where  the  upper  member  of  the  Connoquenessing  is  absent,  the  base  of 
the  Mercer  has  been  placed,  arbitrarily,  15  feet  below  the  base  of  the 
lower  limestone  bed  of  the  Mercer. 

White  (1880,  p.  134-136)  gave  three  measured  sections  of  the  Mercer 
Formation  at  Hells  Hollow.  The  base  of  the  Mercer  is  not  given  in  any 
of  the  measured  sections,  and  a driller’s  log  of  Mr-1276,  indicates  that 
the  upper  sand.stone  member  of  the  Connoquenessing  intertongues  with 
shales  at  the  type  locality  of  the  Mercer.  However,  the  upper  member 
of  the  Connoquenessing  is  present  half  a mile  west  of  Hells  Hollow  at 
well  Mr-1273,  which  penetrated  100  feet  of  continuous  sandstone.  The 
middle  member  of  the  Connoquenessing  is  presumably  absent  at  this  well. 
In  White’s  (1880,  p.  137)  Stranahan  Section,  which  is  about  half  a mile 
southwest  of  Hells  Hollow,  the  upper  member  of  the  Connoquenessing 
is  10  feet  below  the  lower  limestone  bed  of  the  Mercer.  The  Mercer  was 
not  exposed  where  White’s  Stranahan  section  was  visited  during  this 
investigation;  however,  the  upper  member  of  the  Connoquenessing  is 
well  exposed,  and  small  pits  and  the  ruins  of  a kiln  shown  where  the 
limestone  of  the  Mercer  was  mined  and  burned  for  the  Oregon  Furnace, 
which  was  a short  distance  to  the  north.  The  Oregon  Furnace,  like  the 
other  iron  furnaces  of  the  area  in  the  mid-nineteenth  century,  used 
charcoal  and  local  iron  carbonate  ore  from  the  Mercer.  The  Oregon 
Furnace  was  closed  down  (White,  1880,  p.  137)  about  1860. 

The  Mercer  Formation  is  predominantly  shale,  but  it  contains  as  many 
as  three  coals  and  their  underclays  (the  Tionesta,  and  the  upper  and 
lower  Mercer  coals)  and,  locally,  an  upper  and  lower  limestone  bed. 
The  upper  and  lower  Mercer  coals  underlie  the  upper  and  lower  limestone 
beds,  resjiectively.  The  upper  coal  directly  undeidies  the  upper  limestone, 
where  it  is  present,  whereas  the  lower  coal  may  be  separated  from  the 
lower  limestone  bed  by  as  much  as  20  feet  of  gray  shale.  The  gray  shale 
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may  contain  a thin  coal  at  the  toj)  that  is  considered  to  he  a “rider  vein” 
or  “split”  of  the  lower  coal.  The  Tionesta  coal  bed  lias  been  found  only 
in  the  Lawrence  County  part  of  the  Neshannock  fpiadrangle,  where  it  is 
10  to  20  feet  above  the  upjier  limestone  bed.  In  Pulaski  and  Mahoning 
Townships  it  is  sejiarated  from  the  Homewood  Formation  by  a 16-  to 
20-foot  interval  of  shale  and  planar,  very  thin-bedded  to  laminated  silty 
shale  and  sandy  siltstone.  This  very  thin-bedded  to  laminated  shale  is 
here  included  in  the  Mercer  Formation,  and  the  to])  of  the  Mercer  is 
placed  at  the  disconformity  at  the  base  of  the  overlying  thin  white  sand- 
stone that  rejirescnts  the  sandstone  member  of  the  Homewood. 

The  upiier  and  lower  limestone  beds  of  the  IMercer  are  discontinuous, 
black,  fossiliferous  limestones,  0 to  3 feet  thick,  which  weather  to  medium 
gray  and  are  typically  sejiarated  by  an  interval  of  30  feet.  The  interval 
between  the  two  limestone  beds  is  iiredominantly  gray  shale,  but  it  in- 
cludes a discontinuous  sandstone  unit,  0 to  30  feet  thick,  whicli  is  here 
referred  to  as  the  middle  sandstone  unit  of  the  Mercer.  The  middle 
sandstone  unit  is  fine  to  medium  grained  in  1-  to  2-foot  thick  ])lanar 
beds  or  jdanar  sets  of  cross  strata,  and  there  is  a local  disconformity  at 
the  base  of  the  unit. 

The  middle  sandstone  unit  is  be.st  developed  in  the  same  areas  where 
the  sandstone  members  of  the  Homewood  and  the  Connoquenessing  For- 
mations are  thick,  as  in  wells  La-560,  and  La-883.  (See  Section  B-B', 
Plate  2.) 

The  IMercer  coals  are  usually  slaty  and  are  si)lit  locally  into  two  or 
more  beds  by  thin  beds  of  shale.  The  greatest  thickness  recorded  during 
this  investigation  for  any  of  the  Mercer  coals  was  about  3 feet.  However, 
White  (1879  and  1880)  rei)orts  localities  where  the  lower  Mercer  and 
Tionesta  coals  are  u])  to  4 feet  thick.  The  Tionesta  coal  bed  is  developed 
best  in  the  Lawrence  County  part  of  the  Neshannock  rpiadrangle.  It 
was  mined  extensively  by  strij)ping  methods  in  Pulaski  and  Mahoning 
Townships  from  1946  to  1960. 

The  Tionesta  coal  bed  was  not  being  strip  mined  in  the  Neshannock 
quadrangle  during  1961.  The  upper  and  lower  fiercer  coals  have  been 
mined  by  underground  methods  at  many  places  in  the  Neshannock  fpiad- 
rangle  for  local  domestic  use,  but  oidy  one  unflerground  mine  was  in 
operation  in  1961.  It  was  producing  from  either  the  upjier  Mercer  or 
Tionesta  coal  along  old  Pennsylvania  State  Route  18  about  2 miles  north 
of  New  Castle.  The  mine  was  a one-man  operation  in  wliich  coal  was 
mined  for  local  dome.stic  use. 

The  Mercer  Formation  is  not  well  exposed  in  the  Neshannock  quad- 
rangle, but  it  is  of  considerable  sti'atigraphic  imjiortancc  because  it  in- 
cludes the  upper  and  lower  limestone  beds,  which  arc  key  stratigraphic 
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marker  beds  in  the  Neshannock  quadrangle.  White  (1879  and  1880) 
gives  many  measured  sections  of  the  Mercer  from  natural  exposures  in 
stream  cuts  and  from  areas  where  the  Mercer  coals  were  being  mined  at 
the  time  of  his  investigation.  Many  of  these  sections  are  no  longer  exposed. 

Natural  exposures  of  the  base  of  the  Homewood  Formation  and  the 
upper  and  lower  limestone  and  coal  beds  of  the  Mercer  Formation  may 
be  seen  in  Mercer  County  at  Hells  Hollow  and  in  the  valley  immediately 
to  the  south.  They  may  be  seen  in  Lawrence  County  between  Carter  and 
Lake  Roads,  south  of  Volant,  Pa.,  and  in  a tributary  entering  Neshannock 
Creek  by  the  Maple  Grove  Church,  2 miles  south  of  New  Wilmington,  Pa. 

The  Homewood  Formation,  Tionesta  coal,  upper  and  lower  limestone 
and  coal  beds  of  the  Mercer  Formation,  and  the  upper  part  of  the  Conno- 
quenessing  Formation  are  well  exposed  in  a valley  three-quarters  of  a 
mile  northeast  of  Parkstown,  Pa.,  between  Peanut,  Pa.  and  Hillsville, 
Pa.  opjmsite  the  Ambrosia  Coal  Company  Tipple.  In  a small  gully  1 
mile  north  of  Peanut,  Pa.,  the  middle  sandstone  unit  of  the  Mercer  is 
well  developed,  and  well  preserved  marine  shells  may  be  collected  from 
a sandy  shale  bed  overlying  the  upper  limestone  bed  of  the  Mercer 
Formation. 

Homewood  Formation 

The  name  “Upper  Homewood”  was  proposed  by  White  (1878,  p.  67)  to 
replace  the  names  “Piedmont”  and  “Tionesta”,  which  had  been  applied 
previously  to  the  uppermost  sandstone  unit  of  the  conglomerate  measures 
(Pottsville  Group)  of  early  reports  in  western  Pennsylvania.  In  his 
report  on  Lawrence  County,  White  (1879)  reverted  to  the  use  of  the 
term  “Tionesta”  for  this  sandstone.  In  an  appended  special  report  on  the 
correlation  of  the  coal  measures,  in  the  same  volume,  the  name  “Home- 
wood”  was  substituted  for  the  name  “Tionesta”  by  Lesley  (White  1879, 
p.  xxx).  The  term  “Homewood”  was  used  by  White  in  subsequent  county 
reports  on  the  geology  of  northwestern  Pennsylvania. 

The  exposure  of  conglomeratic  sandstone  at  Homewood  Station,  Beaver 
County,  Pa.,  was  designated  by  White  (1878,  p.  67)  as  the  type  locality 
of  the  Homewood,  because  of  the  large  thickness  (155  feet)  of  sandstone 
at  that  locality.  White  considered  that  the  abnormal  thickness  of  the 
Homewood  at  Homewood  Station  resulted  from  the  extension  of  the 
Homewood  upward,  into  the  Allegheny  Group,  above  the  horizon  of  the 
Vanport  Limestone.  DeWolf  (1929,  p.  49)  considered  that  the  exposures 
at  Homewood  Station  represented  the  combined  Homewood  and  Conno- 
quenessing  Formations,  because  “the  bed  is  unusually  thick,  and  the 
additional  thickness  seems  largely  at  the  base.  Furthermore  the  neigh- 
boring sections  lend  themselves  readily  to  such  interpretation.” 
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The  exposures  at  Homewood  Station  were  not  restudied  during  this 
investigation;  however,  field  evidence  in  the  Neshannock  quadrangle 
reveals  that  coalescing  of  sandstone  units  of  different  ages  is  common. 
The  coalescing  of  the  sandstone  units  is  interpreted  as  the  result  of  sand- 
stone-filled channels  that  have  cut  through  underlying  rocks  to  a lower 
sandstone  unit. 

The  major  sandstone  units  of  the  upper  part  of  the  Pottsville  Group 
are  lithologically  similar  to  those  of  the  Allegheny  Group;  they  were, 
presumably,  derived  from  a common  source  area  and  deposited  in  similar 
environments.  Where  these  sandstone  units  of  the  Pottsville  and  Alle- 
gheny coalesce,  they  cannot  be  distinguished  as  separate  units  by  mega- 
scopic field  criteria,  and  the  scarcity  of  outcrops  generally  makes  it 
impossible  to  delineate  the  steep  sides  of  the  sandstone-filled  channels. 

In  the  eastern  part  of  the  Neshannock  quadrangle,  the  sandstone  units 
of  the  Kittanning  and  Homewood  Formations  and  those  of  the  Home- 
wood  and  Connoquenessing  Formations  coalesce,  forming  locally  continu- 
ous sequences  of  sandstone  throughout  the  intervals  at  Homewood  Station 
discussed  by  both  White  (1878,  p.  67)  and  DeWolf  (1929,  p.  49). 

The  name  “Tionesta”  (Homewood)  wms  used  to  include  not  only  sand- 
stone but  sandy  shale,  shale,  and  coal  by  White  (1879,  p.  53-56).  DeWolf 
(1929,  p.  51-52)  used  the  name  (Homewood)  for  the  same  interval.  As 
defined  by  White  and  DeWolf,  the  Homewood  extends  from  the  base  of 
the  Tionesta  (Homewood)  coal  up  to  the  top  of  the  sandstone  or  sandy 
shale.  Leggette  (1936,  p.  170)  included  the  Tionesta  (Homewood)  coal 
and  the  shales  above  it  in  the  IMercer  Formation.  Later  investigators 
placed  the  upper  limit  of  the  Pottsville  Group  at  the  base  of  the  Brook- 
ville  coal  or  its  underclay,  thereby  including  within  the  Pottsville  an 
unnamed  shale  unit,  0 to  40  feet  thick,  which  is  considered  here  as  the 
upper  member  of  the  Homewood  Formation.  Concerning  the  areal  varia- 
tion in  the  lithology  of  the  Homewood,  White  (1880,  p.  84)  stated  that 
in  Lawrence  County  the  sandstone  graded  into  sandy  shale  at  many 
places,  but  in  Mercer  County  the  lithology  was  consistent. 

In  this  report  the  Homewood  Formation  is  considered  to  consist  of 
two  members:  (1)  an  upper  shale  member  extending  up  to  the  base  of 
the  Brookville  coal  or  its  underclay,  and  (2)  a lower  member  composed 
predominantly  of  medium-grained  sandstone  having  a disconformity  at 
its  base.  The  thin  planar-bedded  sandy  shales  that  underlie  the  discon- 
formity at  the  base  of  the  lower  sandstone  member  were  included  by 
White  ( 1879,  p.  54)  and  DeWolf  1 1929,  p.  48)  in  the  Homewood,  but  they 
are  included  here  in  the  Mercer  Formation. 

Despite  uncertainties  concerning  the  limits  of  the  Homewood  at  its 
type  locality,  and  changes  in  the  limits  of  the  Homewood  in  other  localities 
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Figure  6.  Sandstone  member  of  the  Homewood  Formation  1 mile  northeast  of  Robinson, 
Lawrence  County,  Pa.,  caps  planar  bedded  shale,  silt  and  thin  sandstone  beds. 
Tionesta  coal  bed  is  at  base  of  pit,  and  the  Brookville  underclay  forms  much  of 
slope  above  the  Homewood. 


by  White  and  subsequent  workers,  the  name  “Homewood”  has  been  used 
since  White’s  (1880)  work  for  the  uppermost  formal  stratigraphic  unit 
of  the  Pottsville  Group  in  northwest  Pennsylvania. 

Lower  sandstone  member. — The  lower  sandstone  member  of  the  Home- 
wood  Formation  is  typically  fine-  to  medium-grained,  locally  coarse  to 
conglomeratic,  light-gray  to  pale  yellowish-orange  quartz  sandstone, 
which  weathers  brownish  gray  to  moderate  brown  and  generally  contains 
carbonaceous  trash  and  impressions  of  tree  trunks.  In  well-weathered 
exposures  in  the  uplands,  the  sandstone  is  soft,  white,  and  friable;  whereas 
in  fresh  exposures  in  narrow  ravines,  the  sandstone  is  hard  and  dense, 
and  the  intergranular  pores  are  filled  with  white  clay.  The  sandstone  in 
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the  lower  member  is  locally  planar  heckled,  but  it  occurs  typically  in  planar 
sets  of  cross-strata  1 to  2 feet  thick.  Resultant  downdip  direction  of  cross- 
beds, as  measured  in  30  outci’ops  in  the  Neshannock  quadrangle,  was  to 
the  northwest.  The  thickness  of  the  member  ranges  from  0 to  60  feet, 
and  the  maximum  relief  on  the  disconformable  surface  at  the  base  of  the 
unit  is  about  50  feet.  The  lower  sandstone  member  is  well  developed  in 
the  north  and  eastern  parts  of  the  area,  where  it  has  not  been  removed 
by  erosion,  but  it  is  generally  only  3 to  5 feet  thick  and  locally  discon- 
tinuous in  the  southwestern  [cart  of  the  Neshannock  quadrangle.  (See 
Fig.  6.)  The  lower  sandstone  member  could  not  be  mapped  continuously 
throughout  the  Neshannock  quadrangle;  so,  it  is  mapped  in  local  areas 
only. 

The  lower  sandstone  member  is  exposed  at  a few  places  in  road  cuts  on 
the  hilltoj)S  in  the  northern  part  of  the  area  and  in  ravines  in  other  parts 
of  the  area — where  it  usually  forms  a break  in  the  slope  of  the  stream 
floor.  Upper  and  lower  boundaries  of  the  Homewood  are  arbitrarily 
projected  in  places  where  the  sandstone  of  the  Homewood  is  continuous 
with  that  of  the  Connoquenessing  Formation  or  the  sandstones  of  the 
Allegheny  Group. 

Upper  shale,  member. — The  upper  member  of  the  Homewood  Formation 
is  typically  a light-  to  medium-gray  shale,  which  is  rarely  exposed  in 
the  Neshannock  quadrangle.  The  member  ranges  in  thickness  from  0 
to  40  feet,  but  it  is  commonly  15  to  20  feet  thick  in  the  eastern  part  of 
the  quadrangle  and  6 to  12  feet  thick  in  the  southwest  part  of  the  quad- 
rangle. The  upper  shale  member  is  absent  as  a result  of  erosion  in  the 
northwest  part  of  the  Neshannock  quadrangle,  and  it  is  thin  and  dis- 
continuous in  the  northeast  part  of  the  area  where  its  position  is  taken 
by  younger  channel-filling  sandstone  units  of  the  Allegheny  Group.  The 
contact  between  the  upper  and  lower  members  of  the  Homewood  is 
rarely  exposed.  Where  it  can  be  seen,  in  the  Neshannock  quadrangle,  it 
is  generally  gradational.  The  upper  boundary  of  the  member  is  placed 
at  the  base  of  the  Brookville  coal  or  its  underclay. 


Allegheny  Group 

Clarion  Formation 

The  term  “Clarion  coal  group”  was  applied  by  geologists  of  the  First 
and  Second  Pennsylvania  Geological  Surveys  to  a stratigraiihic  interval 
containing  shale,  sandstone  , limestone,  and  several  economically  important 
coal  beds.  It  was  considered  by  geologists  of  the  Second  Survey  as  the 
lowest  of  three  coal  groups  forming  the  Lower  Productive  Coal  Pleasures 
of  older  reports  (Allegheny  Group  of  this  report).  The  Clarion  coal  group, 
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as  shown  by  White  (1878,  p.  40-41)  extended  from  the  top  of  the  Piedmont 
(Homewood)  Sandstone  to  the  top  of  the  Ferriferous  (Vanport)  Lime- 
stone. The  names  “Clarion  Sandstone”  and  “Vanport  Limestone”  have 
long  been  applied  to  distinctive  lithologic  units  within  the  Clarion  coal 
group,  and  the  names  “Brookville”,  “Clarion”  and  “Scrubgrass”  have 
been  applied  to  coal  beds  within  the  Clarion  Formation. 

The  interval  included  within  the  Clarion  coal  group  of  older  reports 
was  referred  to  as  the  Clarion  Formation  by  Ashley  (1926,  p.  29).  After 
the  work  of  DeWolf  (1929),  the  lower  boundary  of  the  Allegheny  Group 
and,  hence,  the  Clarion  Formation,  was  changed  from  the  top  of  the 
Homewood  Formation  to  the  base  of  the  Brookville  coal  or  its  underclay. 

The  interval  here  included  in  the  Clarion  Formation  was  described  as 
containing  three  coals  and  their  underclays  in  Lawrence  County — by 
White  (1879  and  1880),  DeWolf  (1929),  and  Leggette  (1935) — but  only 
two  coals  in  Mercer  County  (White,  1880,  p.  27)  and  (Leggette,  1936,  p. 
180).  During  this  investigation,  only  two  persistent  coals  were  identified 
in  the  Clarion  Formation  in  the  Neshannock  quadrangle.  White  (1879, 
p.  169-174)  described  a Brookville  coal  and  a Clarion  coal  in  separate 
measured  sections  at  Hettenbaugh  Run,  in  the  southeast  part  of  the 
Neshannock  quadrangle,  and  White  (1880,  p.  27)  showed  both  the  Brook- 
ville and  the  Clarion  coals  in  a compiled  section  from  the  same  locality. 
The  identification  by  White  of  two  distinct  coals  (Brookville  and  Clarion) 
at  Hettenbaugh  Run  appears  to  have  been  based  on  variations  in  the 
interval  between  the  Scrubgrass  coal  or  the  Vanport  Limestone  and  his 
Brookville  or  Clarion  coal.  Compiled  well  data  and  exposures  in  strip 
pits  along  Mitchell  Road,  2 miles  north  of  New  Castle  (Section  B-B', 
Plate  2),  suggest  strongly  that  the  interval  between  the  Brookville  coal 
and  Scrubgrass  coal  thins  in  areas  where  the  sandstone  members  of  the 
Homewood  and  the  Connoquenessing  thicken  or  coalesce;  therefore,  using 
intervals  below  marker  beds  as  the  sole  criteria  for  distinguishing  coal 
beds  could  lead  to  errors  in  correlation. 

The  Clarion  Formation,  as  used  in  this  report,  includes  the  strata  lying 
between  the  base  of  the  Brookville  coal  or  its  underclay  and  the  base  of 
the  Vanport  Limestone.  The  Vanport  Limestone  is  excluded  from  the 
Clarion  because  the  Vanport  is  a distinct,  mappable,  lithologic  unit.  The 
Clarion  Sandstone  of  older  reports  is  here  referred  to  as  the  sandstone 
member  of  the  Clarion  Formation.  The  Clarion  is  typically  50  feet  thick 
and,  where  the  sandstone  member  is  not  present  or  is  poorly  developed, 
is  composed  of  gray  shale  (containing  nodules  of  siderite)  and  two  per- 
sistent coal  beds;  namely,  the  Brookville  and  the  Scrubgrass. 

The  propriety  of  using  the  name  “Brookville”  for  the  coal  at  the  base 
of  the  Clarion  Formation  has  long  been  questionable,  because  the  coal 
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at  Brookville  is  believed  to  be  the  stratigraphic  equivalent  of  the  Mercer 
coals  of  Mercer  County  (Graeber  and  Foose,  1942,  p.  51)  and  (Ashley, 
in  Moore  and  others,  1944,  p.  G81).  Despite  problems  of  correlation,  the 
name  “Brookville”  has  been  and  is  commonly  used  for  the  lowest  coal  of 
the  Clarion  Formation  in  northwestern  Pennsylvania. 

Although  the  Clarion  coal  was  not  recognized  in  the  Neshannock  quad- 
rangle during  this  investigation,  it  has  been  recognized  in  adjoining  areas 
where  the  bedrock  is  not  largely  covered  by  glacial  deposits  (DeWolf, 
1929,  p.  45)  and  (Richardson,  1936,  p.  32). 

The  coal  beds  of  the  Clarion  Formation  were  extensively  mined  in  the 
Neshannock  quadrangle  by  underground  and  stripping  methods;  however, 
in  1960  there  was  only  one  small  underground  mine  producing  coal  from 
the  Clarion. 

The  Brookville  coal  ranges  in  thickness  from  0-5  feet  and  was  the  most 
mined  coal  of  the  Clarion  Formation  in  the  Neshannock  quadrangle. 
The  Scrubgrass  coal  seldom  exceeds  10  inches  in  thickness  in  the  Neshan- 
nock quadrangle  and  was  never  mined  extensively.  The  Brookville  coal 
is  thickest  in  the  eastern  part  of  the  area,  where  it  is  also  the  most  dis- 
continuous coal — being  cut  out  by  younger  channel-fill  sandstones  in 
many  places. 

The  sandstone  member  of  the  Clarion  Formation  is  not  well  developed 
in  the  Neshannock  quadrangle  and  could  not  be  traced.  The  sandstone 
member  cro{)s  out  below  the  Vanport  Limestone  on  both  sides  of  the 
Youngstown  Road,  in  Mahoning  Township,  5 miles  northwest  of  New 
Castle,  Pa.,  where  45  feet  of  the  micaceous  crossbedded  sandstone  is  ex- 
posed ; however,  the  base  of  the  sandstone  member  is  not  exposed.  Where 
the  Clarion  Formation  was  observed  in  the  Mercer  and  Stoneboro  quad- 
rangles, the  base  of  the  sandstone  member  of  the  Clarion  was  discon- 
formable.  The  sandstone  member  of  the  Clarion  may  be  well  developed 
in  the  areas  where  the  other  sandstone  units  of  the  Pottsville  and  Alle- 
gheny Groups  thicken  and  coalesce — forming  overlapping  linear  belts  of 
thicker  sandstone.  In  these  areas,  the  well  developed  sandstone  member 
of  the  Clarion  would  be  inseparable  from  sandstone  units  of  the  Home- 
wood  and  Kittanning  Formations. 

The  Clarion  Formation  is  well  exposed  in  a ravine  1 mile  east  of 
Hillsville,  Pa.,  and  the  lower  part  of  the  Clarion  is  exposed  in  the  “high 
wall”  in  several  strip  j^its  in  Mahoning  Township,  Lawrence  County,  Pa., 
and  in  a ravine  in  Union  Township,  1 mile  northeast  of  Parkstown,  where 
a small  underground  mine  was  producing  from  the  Brookville  coal  in 
1960.  Complete  sections  of  the  Clarion  Formation  are  exposed  in  ditches 
on  either  side  of  the  road  to  Eastbrook,  Pa.,  1M>  miles  east  of  Coaltown, 
Pa.,  and  in  gullies  north  of  Hettenbaugh  Run,  1)4  miles  east  of  Eastbrook. 
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The  lower  part  of  the  Clarion  is  exposed  1 mile  south  of  Volant,  Pa., 
in  a valley  tributary  to  Neshannock  Creek.  At  this  locality,  the  sand- 
stone unit  of  the  lower  member  of  the  Kittanning  Formation  has  cut  out 
the  Brookville  coal.  Exposures  of  the  Clarion  Formation  are  rare  in  Wil- 
mington, Lackawannock,  and  East  Lackawannock  Townships,  Mercer 
County,  and  the  interAml  in  which  the  Clarion  would  be  expected  is 
occupied  generally  by  sandstone  of  the  Kittanning  Formation;  however, 
some  of  this  sandstone  may  represent  the  sandstone  member  of  the  Clarion 
Formation. 

Vanport  Limestone 

The  name  “Vanport  Limestone”  was  first  used  by  White  (1878,  p.  60) 
for  exposures  of  limestone  at  Vanport,  Beaver  County,  Pa.  He  used  it  as 
a synonym  for  Ferriferous  Limestone,  the  name  applied  to  this  unit  in 
reports  of  the  First  and  Second  Pennsylvania  Geological  Surveys,  and 
the  name  White  continued  to  use  in  succeeding  reports  on  the  geology 
of  counties  in  northwest  Pennsylvania.  After  publication  of  the  reports 
of  the  Second  Geological  Survey  of  Pennsylvania,  the  name  “Vanport” 
came  into  common  usage  in  the  geologic  literature  concerning  western 
Pennsylvania,  and  the  name  “Ferriferous”  ceased  to  be  used  as  a strati- 
graphic term. 

In  this  report  the  Vanport  is  considered  to  be  a separate  formation 
overlying  the  Clarion  Formation,  because  it  is  lithologically  distinctive 
and  has  long  been  used  as  a key  horizon  for  stratigraphic  and  structural 
studies  in  western  Pennsylvania. 

The  Vanport  ranges  in  thickness  from  0 to  22  feet  in  the  Neshannock 
quadrangle.  It  is  fossiliferous,  and  where  it  is  typically  developed  it 
consists  of  an  upper  light-gray  unit  and  a lower  more  siliceous  bluish  unit 
3 to  4 feet  thick.  An  irregular  bed  of  siderite  (iron  carbonate)  locally 
caps  the  Vanport  and  was  mined  in  the  mid- 19th  century  as  a source  for 
iron  ore  for  local  charcoal  furnaces. 

Weathered  surfaces  of  the  Vanport  have  a characteristic  “shriveled” 
appearance  (White,  1879,  p.  45,  and  DeWolf,  1929,  p.  45).  Variations 
in  the  thickness  of  the  Vanport  are  fairly  abrupt;  for  example,  1 mile 
northeast  of  New  Castle,  Pa.,  on  Graceland  Road,  15  feet  of  Vanport 
lenses  out  northward  and  disajipears  entirely  in  less  than  5(X)  feet,  and 
its  position  is  taken  by  fossiliferous  dark  gray  shale. 

South  of  an  arcuate  line  extending  southward  from  the  northwest  corner 
of  Mahoning  Township,  Lawrence  County,  through  Parkstown,  thence 
east  through  Briar  Hill  and  north  to  Volant,  the  Vanport  maintains  its 
characteristic  lithology  and  is  essentially  continuous  where  it  has  not 
been  removed  by  recent  erosion.  (See  Fig.  7.)  North  of  the  arcuate 
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line,  the  Vanport  is  variable  in  its  physical  characteristics  and  is  dis- 
continuous. It  consists  of  a single  thin  l)ed  of  black  fossiliferous  limestone, 
0-1  foot  thick,  in  the  “high  wall”  of  strij)  j)its  north  of  Mitchell  Road. 
In  a strip  pit  IV^  oiiles  north  of  Harbor,  Pa.,  it  consists  of  a sec}uence 
of  black  and  gray  beds  of  limestone,  0-4  feet  thick,  showing  cone-in-cone 
structure. 

The  Vanport  has  not  been  observed  in  that  i)art  of  the  Neshannock 
quadrangle  within  Mercer  County,  although  many  of  the  ridges  in  the 
northeast  jiart  of  the  Neshannock  quadrangle  arc  above  the  stratigraphic 
horizon  at  which  the  Vanport  would  normally  be  expected.  Concerning 
the  apparent  absence  of  the  Vanport  in  the  area  south  of  Greenfield, 
Lackawannock  Township,  White  (1880,  p.  24)  stated,  “We  must  conclude 
then  one  of  three  things;  either  1,  that  the  drift  is  deep  on  this  ridge,  or 
2,  that  the  interval  between  the  two  limestones  is  here  exceptionally  large; 
or  3,  that  the  original  deposit  of  the  ferriferous  limestone  in  Mercer 
County  was  as  irregular  in  extent  and  thickness  as  in  Lawrence,  Beaver, 
and  Butler  Counties.” 

Exposures  are  poor  in  Lackawannock  and  East  Lackawannock  Town- 
ships, as  the  bedrock  in  the  uplands  is  masked  by  glacial  deposits.  Bed- 
rock exposures  in  ravines  are  predominantly  sandstone,  and  generally 
the  stratigraphic  marker  beds  in  shale  units  of  the  Pottsville  and  Alle- 
gheny Groui)s  cannot  be  traced  for  great  distances.  Field  evidence  sug- 
gests that  the  shale  units  thin  and  disappear  locally  where  major  channel- 
fill  sandstones  overlie  and  underlie  them,  as  shown  in  Section  A-A',  Plate 
2.  Stratigraphic  marker  beds  of  coal  and  limestone  within  the  shale 
units  appear  to  drape  or  arch  over  areas  underlain  by  unusually  thick 
deposits  of  sandstone.  This  draping  or  arching  of  marker  beds  is  believed 
to  be  the  result  of  differential  comi^action  between  areas  where  shale  is 
predominant  and  areas  where  sandstone  is  predominant. 

One  mile  south  of  Volant,  Pa.,  the  Vanport  Limestone  is  cut  out  by 
a northwest-trending  channel-fill  sandstone  of  the  lower  member  of  the 
Kittanning  Formation.  Although  the  edges  of  this  sandstone  are  not 
well  defined,  field  data  indicate  that  the  mearuler  belt  in  which  the  sand- 
stone-filled  channel  occurs  is  about  5 miles  wide.  In  a ravine  1 mile  south 
of  Volant,  the  channel  cuts  at  least  40  to  50  feet  below  the  horizon  of  the 
Vanport.  Although  there  is  no  evidence  available  as  to  whether  or  not 
the  Vanport  was  deposited  in  Lackawannock  and  East  Lackawannock 
Townships,  there  is  positive  field  evidence  of  erosion  in  this  area  during 
the  time  interval  in  which  the  overlying  Kittanning  Formation  was  being 
deposited. 

The  Vanj)ort  Limestone  has  long  been  of  economic  importance  and  is, 
according  to  Aliller  (1934,  p.  126)  “*  * * the  most  valuable  limestone  of 
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Figure  7.  Distribution  of  the  Vanport  Limestone,  Vanport  typically  developed  in  shaded  area. 

In  unshaded  area  the  Vanport  is  thin,  discontinuous,  and  represented  by  black 
limestone  beds  at  A and  B.  At  area  C limestone  shows  cone  in  cone  structure. 
Dotted  area  indicates  channel-fill  sandstone  of  Kittanning  age. 
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the  carboniferous  strata  of  the  State.”  Mining  has  removed  all  of  the 
Vanport,  except  its  lower  layer,  from  Mahoning  Township,  LawTence 
County,  and  a large  area  east  of  New  Castle,  in  Hickory  Township. 
Miller  (1934)  gave  many  detained  sections  and  chemical  analyses  of 
the  Vanport  Limestone.  He  discussed,  also,  the  companies  that  mined 
the  Vanport  and  the  utilization  of  their  products.  Because  the  Vanport 
has  been  essentially  removed  from  this  area,  Miller’s  data  are  chiefly  of 
historical  interest  and  are  not  reviewed  in  this  report. 

Kittanning  Formation 

The  name  “Kittanning”  was  applied  by  Rogers  (1858,  p.  467)  to  a 
thin  bed  of  coal  at  Kittanning,  Pa.  Roger’s  Kittanning  coal  bed,  the  lower 
Kittanning  coal  bed  of  later  reports,  was  traced  into  Allegheny,  Butler, 
Beaver,  Lawrence,  and  Vlercer  Counties,  by  White  (1878,  1879,  1880). 
The  name  “Kittanning  coal  group”  was  applied  to  a variable  sequence 
of  shale,  sandy  shale,  sandstone,  and  three  beds  of  coal  lying  between 
the  top  of  the  Buhrstone  Ore  (top  of  the  Vanport  Limestone)  and  the  top 
of  White’s  Darlington  coal  bed.  White  first  applied  the  name  “Darling- 
ton” to  the  uppermost  of  the  three  coals  included  within  the  Kittanning 
coal  group.  According  to  Lesley  (in  White  1880,  p.  23,  and  DeWolf 
1929,  p.  41),  White  commonly  used  the  name  “Darlington”  in  reference 
to  the  middle  Kittanning  coal  of  later  reports,  and,  in  some  instances 
(White  1879,  p.  37-180),  used  the  name  “Darlington”  uncertainly  in 
reference  to  the  lower  Kittanning  coal  bed. 

In  his  report  on  the  Punxsutawney  quadrangle,  which  is  about  65  miles 
east  of  the  Neshannock  quadrangle,  Ashley  (1926,  p.  27)  used  the  name 
“Kittanning  Formation”  for  the  strata  between  the  base  of  the  clay 
under  the  lower  Kittanning  coal  and  the  top  of  the  upper  Kittanning 
coal.  The  name  “Clarion  Formation”  was  applied  to  the  strata  between 
the  base  of  his  Kittanning  Formation  and  the  base  of  the  Allegheny 
Group  (which  is  the  base  of  the  clay  underlying  the  Brookville  coal). 
By  so  fixing  the  lower  limits  of  the  Kittanning  Formation,  Ashley  included 
in  his  Clarion  Formation  the  lower  part  of  the  Kittanning  coal  group  of 
older  reports.  Ashley  did  not  recognize  the  Kittanning  Sandstone,  as 
used  in  older  reports,  and  because  the  Vanport  Limestone  was  seen  at 
only  one  point  in  the  Punxsutawney  quadrangle,  it  could  not  be  used  for 
stratigraphic  subdivision  of  Allegheny  rocks.  The  name  “Kittanning 
Sandstone”  was  applied  by  White  (1878,  p.  59)  to  a locally  prominent 
sandstone  unit  in  the  lower  jiart  of  the  Kittanning  coal  group  of  older 
reports. 

Most  reports  dealing  with  the  geology  of  Lawrence  and  IMercer  Counties 
follow  White’s  usage  of  the  term  “Kittanning  Sandstone,”  although  they 


44 


NESHANNOCK  QUADRANGLE 


differ  regarding  the  rank  of  the  unit — depending  upon  whether  the  Alle- 
gheny was  considered  a formation  or  a group.  In  recent  reports  on  the 
Pottsville  and  Allegheny  rocks  by  Williams  (1957;  1959;  1960,  p.  1293), 
Williams  and  Nickelsen  (1958),  Degens,  Williams,  and  Keith  (1958), 
and  Ferm  and  Williams  (1960),  the  base  of  the  Kittanning  Formation 
has  been  placed,  as  defined  by  Ashley  (1926,  p.  27),  at  the  base  of  the 
clay  underlying  the  lower  Kittanning  coal. 

In  this  report  the  Kittanning  is  considered  as  a formation  extending 
from  the  top  of  the  Vanport  Limestone  to  the  top  of  the  upper  Kittanning 
coal,  and,  thus,  having  the  same  limits  as  the  Kittanning  coal  group  of 
older  reports.  The  Kittanning  Formation  is  subdivided  into  lower,  middle, 
and  upper  members  occupying,  respectively,  the  intervals  from  the  top 
of  the  Vanport  Limestone  to  the  top  of  the  lower  Kittanning  coal;  the 
top  of  the  lower  Kittanning  coal  to  the  top  of  the  middle  Kittanning  coal; 
and  the  top  of  the  middle  Kittanning  coal  to  the  top  of  the  upper  Kit- 
tanning coal.  The  prominent  sandstone  referred  to  by  White  and  sub- 
sequent workers  as  the  Kittanning  Sandstone  is  referred  to  in  this  report 
as  the  sandstone  unit  of  the  lower  member  of  the  Kittanning  Formation. 

Erosion  has  removed  the  upper  part  of  the  upper  member  of  the  Kittan- 
ning in  the  Neshannock  quadrangle.  The  maximum  thickness  of  the 
Kittanning  Formation  in  the  Neshannock  quadrangle  is  about  120  feet. 

The  Kittanning  Formation  is  represented  principally  by  shales  and 
sandy  shales  in  the  Neshannock  quadrangle — except  in  the  northeastern 
part  of  the  quadrangle,  where  the  sandstone  unit  of  the  lower  member  of 
the  Kittanning  fills  channels  cut  locally  into  strata  as  old  as  the  Home- 
wood  Formation.  Except  for  the  sandstone  unit  of  the  lower  member,  the 
Kittanning  does  not  crop  out  in  natural  exposures  in  the  Neshannock 
quadrangle. 

The  lower  member  of  the  Kittanning  caps  the  high  ridges  in  East 
Lackawannock  and  Wilmington  Townships,  Mercer  County  and  in  east- 
ern Wilmington,  northeast  Hickory,  and  northern  Washington  Town- 
ships, Lawrence  County — where  the  lower  member  of  the  Kittanning 
is  represented  chiefly  by  the  channel-fill  sandstone  unit  of  the  lower 
member.  In  central  and  southern  Hickory  Township,  the  channel-fill 
sandstone  unit  of  the  lower  member  intertongues  laterally  with  shale. 
As  a result,  the  thickness  of  the  lower  member  ranges  from  10  to  60 
feet  and  averages  about  40  feet  in  southwest  Hickory  Township  where 
the  member  is  composed  predominantly  of  shale  and  thin  laterally 
discontinuous  beds  of  sandstone  and  sandy  shale.  In  Union  and  Mahoning 
Townships,  Lawrence  County,  the  lower  member  is  represented  by  40  to 
50  feet  of  bluish-gray  shale.  The  lower  member  of  the  Kittanning  has  been 
removed  by  strip  mining  in  preparation  for  mining  the  Vanport  Lime- 
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stone  from  large  areas  of  Mahoning  Township  and  smaller  areas  of 
southern  Hickory  Township,  Lawrence  County. 

The  lower  Kittanning  coal,  where  seen  in  southern  Hickory  and 
Mahoning  Townships,  ranged  in  thickness  from  H/i  to  2^2  feet.  It  was 
reported  by  strip-mining  operators  to  range  in  thickness  from  0 to  4 feet, 
which  is  the  range  given  in  older  reports.  The  lower  Kittanning  coal  bed 
is  extremely  irregular  in  its  i)Osition  with  respect  to  the  Vanport,  and 
in  strip  pits  there  is  as  much  as  40  feet  of  relief  between  the  highest  and 
lowest  elevations  of  the  bed  within  lateral  distances  of  a few  hundred  feet. 

DeWolf  11929,  p.  431  gives  a range  in  thickness  of  12  to  36  inches  and 
an  average  thickness  of  24  inches  for  the  lower  Kittanning  coal  in  that 
part  of  Lawrence  County  south  of  the  Neshannock  quadrangle.  He  gives 
a range  in  thickness  of  4 to  10  feet  for  the  fire  clay  underlying  the  lower 
Kittanning  coal.  The  maximum  thickness  of  the  clay  below  the  lower 
Kittanning  coal  in  the  Neshannock  quadrangle  is  not  known  but  is 
believed  to  be  about  10  feet.  White  (1879,  p.  38)  reported  the  clay  to 
be  more  than  10  feet  thick  about  1 mile  east  of  New  Ca.stle,  Pa.  During 
this  investigation,  the  clay  underlying  the  lower  Kittanning  coal  was 
seen  in  the  Neshannock  quadrangle  at  one  locality  in  southern  Hickory 
Township,  about  1 mile  east  of  New  Castle,  where  it  ranges  in  thickness 
from  3 to  8 feet. 

The  underclay  is  mined  by  the  Fenati  Brick  Company.  Both  the  lower 
Kittanning  coal  and  its  underclay  have  been  mined  in  southern  Mahoning 
Township,  Lawrence  County,  but  these  strata  have  been  essentially  re- 
moved by  strip  mining  in  preparation  for  mining  the  Vanport  Limestone. 
In  the  Neshannock  quadrangle,  the  lower  Kittanning  coal  has  been  mined 
by  underground  methods  in  Union,  Neshannock,  Hickory,  and  Wash- 
ington Townships,  Lawrence  County;  and  strip  mined  in  Hickory  and 
Washington  Townships,  Lawrence  County. 

In  the  Neshannock  quadrangle,  the  middle  member  of  the  Kittanning 
is  restricted  to  small  areas  in  southern  Mahoning  and  Union  Townships, 
east  central  Neshannock  Township,  southern  and  eastern  Hickory  Town- 
ship, and  western  Scott  and  Washington  Townships,  Lawrence  County. 

The  middle  member  of  the  Kittanning  was  exposed  in  high  walls  of 
strip  pits  in  southern  Mahoning  Township  in  1960.  Just  south  of  the 
Neshannock  quadrangle,  half  a mile  south  of  Peanut,  Mahoning  Town- 
ship, the  middle  member  was  40  feet  thick.  It  consisted  of  a lower  20-foot 
unit  of  gray  shale,  a middle  12-foot  unit  of  interbedded  fine-grained 
sandstone  and  shale,  and  an  upper  6-foot  unit  of  gray  shale  and  under- 
clay capped  by  4 to  12  inches  of  middle  Kittanning  coal.  About  half  a 
mile  west  of  this  section,  the  middle  member  was  50  feet  thick. 

In  Hickory  Township,  the  middle  member  of  the  Kittanning  was  ex- 
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posed  in  the  high  wall  of  two  strip  pits  in  1960.  One  pit  was  three- 
quarters  of  a mile  southeast  of  Community  Church,  the  other  was  11/2 
miles  northeast  of  Easthrook.  In  both  places  the  member  consisted  prin- 
cipally of  30  to  40  feet  of  shale,  but  it  was  sandy  at  the  top  and  contained 
beds  of  sandstone  in  some  places. 

The  middle  Kittanning  coal  was  reported  to  have  been  penetrated 
during  coal-test  drilling  on  the  hilltops  west  and  north  of  Neshannock 
Church,  about  2 miles  east  of  New  Castle,  in  southern  Hickory  Town- 
ship. A well  drilled  at  Laurel  School  (La-615),  about  1%  miles  east  of 
the  Neshannock  quadrangle,  penetrated  a fire  clay  (overlain  by  shale) 
in  the  approximate  stratigraphic  position  of  the  middle  Kittanning  coal. 
The  shale  reported  to  overlie  both  the  middle  Kittanning  coal  near  the 
Neshannock  Church  and  the  fire  clay  at  Laurel  School  is  the  only  known 
erosional  remnant  of  the  uiq)er  member  of  the  Kittanning  in  the  Neshan- 
nock quadrangle. 


Unconsolidated  Deposits 
Pleistocene  Deposits 

Plei.stocenc  deposits  of  unconsolidated  clay,  silt,  sand,  and  gravel  cover 
the  bedrock  throughout  the  Neshannock  quadrangle,  except  for  exposures 
in  the  stream  valleys,  in  man-made  excavations,  and  in  small  isolated 
patches  on  the  ridge  tops.  Some  of  these  Pleistocene  deposits  include 
l)ebbles  and  boulders  of  igneous  and  metamorphic  rocks  that  have  been 
transported  from  a source  in  Canada,  but  the  majority  of  material  in 
the  glacial  deposits  was  probably  derived  locally.  Glacial  striae  in  the 
Neshannock  quadrangle  are  oriented  S.  20°-30°  E.,  indicating  the  main 
direction  of  glacial  flow. 

The  distribution  and  character  of  the  Pleistocene  deposits  were  mapped 
and  described  by  Shepps  and  others  (1959),  the  preglacial  drainage  was 
shown  by  Leverette  (1934,  p.  93),  and  the  buried  valleys  were  given 
special  attention  by  Leggette  (1936,  p.  15-27).  Only  the  broader  aspects 
of  the  Pleistocene  deposits  are  discussed  in  this  report. 

According  to  Shepps  and  others  (1959,  p.  8),  the  continental  ice  sheets 
advanced  into  northwest  Pennsylvania  at  least  seven  times;  two  of  these 
advances  were  in  Illinoian  time  and  five  were  in  Wisconsin  time.  Of 
these  seven  advances,  only  three  are  definitely  known  to  have  entered 
the  area  of  the  Neshannock  (piadrangle;  two  of  these  in  Illinoian  time 
and  one  in  Wisconsin  time  entirely  covered  the  area.  The  deposits  as- 
sociated with  the  widesi)read  advance  of  the  continental  ice  sheet  during 
Wisconsin  time  have  been  assigned  to  the  Cary  stade  and  correlated  with 
the  Kent  Moraine  by  Shejips  and  others  (1959,  p.  31). 
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Pleistocene  deposits  include  material  deposited  directly  beneath  or  in 
front  of  the  ice  sheets  as  ground  or  end  moraines.  These  deposits  are 
called  till  and  are  composed  of  a heterog'^neous  accumulation  of  clay,  silt, 
sand,  pebbles,  and  boulders  that  lack  sorting  and  stratification.  They 
include  also  deposits  from  melt  water  from  the  ice  sheet.  These  dejiosits 
are  known  as  eskers,  kames,  kame  terraces,  and  valley  trains  and  are 
composed  of  fairly  well-sorted,  stratified  beds  of  silt,  sand,  and  gravel. 

Lake  deposits  are  believed  to  be  present  in  some  of  the  large  valleys, 
but  the  thickness  and  extent  of  those  deposits  is  not  well  defined.  The 
existence  of  lake  deposits  is  postulated  from  drillers’  logs  of  wells  (drilled 
in  the  buried  valleys)  that  show  gray  clay  or  quicksand  but  no  gravel 
or  boulders.  In  addition,  information  from  drill  cores  provided  by  the 
Corps  of  Engineers,  U.  S.  Army,  from  other  buried  valleys  in  the  region, 
shows  laminated  or  varved  clay  in  the  upper  part  of  the  buried  valleys. 

The  distribution  of  Pleistocene  deposits  in  the  Neshannock  area  is 
shown  by  Shepps  and  others  (1959,  PI.  ll.  Information  from  well  logs 
shows  the  uplands  to  be  covered  with  10  to  20  feet  of  till.  The  upper 
part  is  generally  weathered  yellowish  or  brownish,  whereas  the  un- 
weathered till  is  characteristically  bluish  gray.  Buried  valleys  traversing 
the  uplands  are  generally  filled  with  till,  and  although  available  w'ell  logs 
do  not  record  beds  of  gravel  at  the  base  of  these  valleys,  such  deposits 
may  be  present. 

Glacio-fluvial  dei)osits  of  silt,  sand,  and  gravel — in  the  form  of  kames 
and  kame  terraces — cover  the  flanks  of  the  large  stream  valleys  and  much 
of  the  valley  of  Lackawannock  Creek.  Also,  a prominent  esker  can  be 
seen  in  the  Greenfield  minute  (piadrangle,  north  of  Indian  Run. 

The  valleys  of  the  INIahoning  and  Shenango  Rivers  and  Neshannock 
Creek  are  filled  with  predominantly  fine-grained  sand,  silt,  and  clay  to 
depths  ranging  from  100  feet  to  more  than  200  feet.  Information  con- 
cerning these  valley-fill  deposits  in  the  Neshannock  quadrangle  is  from 
drillers’  logs  of  water  wells.  Logs  of  wells  in  the  buried  valleys  tyjucally 
record  quicksand  or  blue  clay;  beds  of  coarse  sand  and  gravel  are  seldom 
reported. 

Some  of  the  fine  sand  and  clay  is  believed  to  have  been  depositee  in 
lakes  that  occupied  the  major  valleys  after  the  last  retreat  of  the  con- 
tinental ice  sheet.  However,  these  valley-fill  deposits  are  complex  and 
may  contain  material  deposited  before  and  during  the  glacial  advances 
as  well  as  during  the  interglacial  stages. 

Succe.ssive  advances  of  the  continental  ice  sheet  proliably  re-excavated 
those  valleys  parallel  to  the  general  direction  of  glacial  movement  and 
filled  ju'eglacial  and  interglacial  valleys  that  were  aligned  at  a high  angle 
to  the  direction  of  glacial  movement.  If  this  is  true,  highly  permeable 


48 


NESHANNOCK  QUADRANGLE 


fluvial  and  glaoio-fluvial  gravels  could  be  expected  beneath  till  and  other 
glacial  dc])osits  in  those  buried  valleys  that  intersect  the  general  direction 
of  glacial  luoveiuent  at  a high  angle.  Another  possible  location  for  coarse 
permeable  material  would  be  at  the  junctions  of  the  major  stream  valleys 
of  Pleistocene  time  and  their  tributaries.  At  these  junctions,  some  of 
the  tributaries  would  have  discharged  into  post-glacial  lakes  and  formed 
deltas  containing  coarse  sediments.  Modern  stream  valleys  may  provide 
an  indication  of  where  to  prosjiect  for  buried  deltas  in  post  glacial  lakes. 

Locating  and  defining  the  occurrence  of  such  permeable  deposits  would 
be  an  important  step  in  the  development  of  large  quantities  of  ground 
water  from  the  Pleistocene  deposits  in  the  Neshannock  quadrangle. 

Before  the  advance  of  ice  across  the  area,  the  major  through-flowing 
stream  in  the  Neshannock  quadrangle  was  the  Old  Beaver  River.  Ac- 
cording to  Leverett  (1934,  p.  92-93)  this  stream  discharged  northward 
through  the  valley  of  the  present  Shenango  River,  between  New  Castle 
and  Sharon,  and  thence  to  the  St.  Lawrence  River  valley  by  way  of  the 
Grand  River. 

The  advancing  ice  sheet  dammed  the  northward-flowing  major  streams 
and  formed  lakes  that  were  forced  to  overflow  low  cols  and  discharge 
southward.  The  end  result  of  the  repeated  advances  of  ice  across  the 
area,  and  the  deposition  of  glacial  dcjiosits  by  each  advance,  was  the 
com{)letc  reversal  of  the  major  drainage  of  the  area. 

Minor  stream  drainage  prior  to  glaciation  and  during  interglacial  stages 
is  not  well  understood,  because  many  of  the  valleys — particularly  those 
parallel  to  the  direction  of  glacial  movement — were  deepened  and  altered 
by  the  advancing  ice  sheets.  Also,  melt  water  draining  from  the  glaciers 
deepened  some  old  valleys  and  excavated  new  valleys.  The  minor 
stream  drainage  was  probably  altered  by  each  advance  and  retreat  of 
the  ice  sheets. 


Recent  Deposits 

In  Recent  time,  alluvium — composed  of  clay,  silt,  sand,  and  gravel — 
has  been  deposited  in  the  valleys  of  the  larger  creeks  and  rivers  by 
streams  in  flood  stage.  These  Recent  deposits  are  generally  thin  and 
overlie  thicker  valley-fill  deposits  of  Pleistocene  age. 

In  times  of  flood,  streams  increase  their  velocity,  deepen  their  channels, 
and  carry  a large  load  of  sediment.  As  the  flood  subsides,  and  the 
velocity  of  the  stream  decreases,  the  sediment  is  deposited.  Migration 
of  the  stream  channel,  back  and  forth  across  a flood  plain,  results  in  the 
dejiosition  of  discontinuous  beds  of  both  coarse  and  fine  sediment.  In- 
formation on  the  total  thickness  of  the  alluvium  and  the  vertical  changes 
in  lithology  is  not  available  for  the  Neshannock  quadrangle;  however, 
data  from  nearby  areas  suggests  a maximum  thickness  of  about  20  feet. 
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Structure 

Mississippian  and  Pennsylvanian  strata  in  the  Neshannock  quadrangle 
dip  gently  to  the  south  and  southeast  at  the  rate  of  approximately  15 
feet  per  mile.  This  regional  dij)  is  broken  in  the  northwest  corner  of 
the  Neshannoek  quadrangle,  where  the  Cussewago  Sandstone  dii)s  ap- 
proximately 50  feet  per  mile  to  the  southeast. 

Many  local  irregularities  and  reversals  of  dip  are  superim])osed  upon 
the  regional  di]).  They  are  interpreted  as  drajting  of  beds  of  silt,  shale, 
and  coal  over  thick  channel-fill  sandstone  units  of  the  Pottsville  Group, 
as  a result  of  differential  compaction. 

The  identification  and  tracing  of  key  horizons  for  use  in  making  a 
structural  contour  maji  of  the  Neshannoek  quadrangle  presents  several 
problems.  The  sandstone  and  shale  units  of  the  Pottsville  and  Allegheny 
Groups  cannot  be  used  as  a base  for  structural  contouring  because  ex- 
posed sandstone  units  characteristically  have  an  erosional  base  and 
their  upper  parts  intertongue  laterally  with  shale.  In  the  southern  part 
of  the  area,  where  the  Vanjiort  Limestone  is  well  developed,  the  Vanport 
serves  as  an  excellent  horizon  for  structural  contouring.  Unfortunately, 
the  Vanport  is  missing  throughout  much  of  the  quadrangle  as  a result 
of  erosion.  In  the  northeast  part  of  the  quadrangle,  where  the  ridges 
are  high  enough  for  the  Vanport  to  be  present,  channel-fill  sandstone  of 
Kittanning  age  occupies  the  interval  where  the  Vanport  should  be. 

The  limestone  beds  of  the  Mercer  Formation  are  useful  key  horizons 
in  some  areas.  They  are  not  completely  satisfactory,  because  there  are 
two  such  beds  separated  by  uj)  to  30  feet  of  shale.  Both  limestone  beds 
are  discontinuous  and  have  been  eroded  away  in  the  northwest  part  of 
the  Neshannoek  quadrangle  and  in  areas  where  the  sandstone  units  of 
the  Pottsville  reach  maximum  develo])ment.  In  addition,  these  limestone 
beds  occur  in  similar  sequences  of  strata  and  are  difficult  to  identify 
unless  both  beds  arc  present  in  one  exposure.  In  spite  of  the  foregoing 
difficulties,  the  limestone  beds  of  the  Mercer  are  the  best  available  con- 
trol for  structural  interi)rctation  of  exposed  strata  in  the  Neshannoek 
quadrangle.  The  Cussewago  Sandstone  is  the  best  subsurface  horizon 
for  structural  interpretation;  however,  because  of  the  scarcity  of  informa- 
tion from  wells  drilled  to  the  Cussewago,  this  formation  could  be  used 
only  to  define  the  regional  dip. 


Jointing 

Jointing  is  easily  identified  on  rocks  (‘xposed  in  the  Neshannoek  quad- 
rangle. IMeasurcments  of  the  strike  of  joints  made  during  this  investiga- 
tion indicate  two  ]n-omincnt  joint  systems.  One  system  trends  N.  40 °- 
45°  E.  and  the  other  trends  N.  40°  W. 
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Valleys  of  minor  streams  that  flow  on  bedrock  characteristically  follow 
the  strike  of  the  prominent  joints,  and  it  is  assumed  that  jointing  largely 
controlled  the  position  of  preglacial  valleys.  The  joint  system  that  trends 
N.  40°  W.  probably  facilitated  the  erosion  of  valleys  by  the  continental 
ice  sheet,  during  the  Pleistocene  Epoch. 


Figure  8.  Diagrams  showing  the  direction  of  dip  of  crossbeds  in  (a)  the  lower  member  of  the 
Connoquenessing  Formation  at  26  localities;  (b)  the  upper  member  of  the  Con- 
noquenessing  at  30  localities;  (c)  the  sandstone  member  of  the  Homewood  Formation 
at  23  localities;  (d)  composite  of  all  dip  directions  for  the  Pottsville  Group.  Arrows 
show  the  vector  means  of  direction  of  dip  of  the  crossbeds. 
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Sedimentary 

Structure  in  rocks  of  tlie  Allcglieny  and  Pottsville  Groups,  caused  by 
the  draping  of  silt,  sliale  and  coal  over  thick  sandstone  units,  is  believed 
to  give  u])  to  50  feet  of  relief.  However,  the  absence  of  good  marker  beds 
in  the  areas  of  linear  belts  of  overlapping  sandstone  units  makes  it  im- 
possible to  determine  the  relief  accurately. 

The  dip  directions  of  crossl)edding  in  fluvial  sandstone  beds  indicate 
the  direction  of  local  flow  in  the  streams  depositing  the  sandstone.  Be- 
cause streams  (and  deciier  channels  within  streams)  meander,  many 
observatit)ns  on  the  dip  of  crossbeds  are  required  in  order  to  define  major 
directions  of  stream  transport  and  source  area.  Ideally,  these  observations 
should  have  a random  areal  distribution.  Alcasurements  of  dip  directions 
of  crossbeds  in  the  Neshannock  fpiadrangle  are  from  a comparatively 
small  geographic  area  and  cannot  be  considered  random  samples,  unless 
it  is  assumed  that  the  outcro])s  of  bedrock  are  randomly  distributed. 
Such  an  assum])tion  may  be  questionable  for  an  area  where  there  are 
few  exposures  of  bedrock. 

Measurements  of  the  dip  direction  of  crossbedding  in  the  sandstone 
units  of  the  Allegheny  and  Pottsville  Groups  (see  Fig.  8)  show  that  the 
predominant  direction  of  dip  is  northwestward. 

Williams  (1959,  p.  4)  rei^orted  a southwest  dip  direction  for  crossbeds 
in  the  Pottsville  Group  south  of  the  Neshannock  quadrangle.  According 
to  Williams,  “the  Pottsville  sandstones  have  a southwesterly  crossbedding 
direction;  whereas  the  middle  Allegheny  sandstones  (Kittanning)  have 
a north  northwesterly  direction.”  The  few  measurements  of  the  dip 
direction  of  crossbeds  in  the  sandstones  unit  of  the  lower  member  of 
the  Kittanning  Formation  that  were  made  during  this  investigation 
showed  that  the  di])  was  northwestward. 

AIineral  Products  and  Fuels 

Mineral  resources  of  the  Neshannock  quadrangle  include  (other  than 
oil  and  gas)  limestone,  coal,  fire  clay,  refractory  sand,  sand  and  gravel, 
and  building  stone.  Cui'i’ent  utilization  of  these  resources  is  shown  in 
Table  1.  Some  oil  has  been  ])roduced  from  the  Hundred-foot  sand,  near 
Volant,  and  from  the  Berea  Sand,  in  the  Bessemer  jtool,  in  the  southwest 
corner  of  the  (juadrangle.  In  the  northeast  corner  of  the  (luadranglc  some 
gas  is  still  i)i'oduta‘d  from  the  Hundred-foot  sand. 

In  1961  there  was  little  oil  and  gas  exploration  in  the  quadrangle,  and 
the  only  pi'oduction  was  ])rincipally  oil  from  the  Volant  field,  most  of 
which  is  (Tist  of  Volant  and  outsiih'  the  area  covered  by  this  report. 

Goal  was  found  in  the  Neshannock  quadrangle  shortly  after  the  area 
was  settled.  Favenson  (1952,  ]l  225),  reports  that  coal  was  found  near 


Table  1.— Mineral  products  (except  oil  and  gas)  of  the  Neshannock  quadrangle  during  1959. 
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Sharon — probably  as  early  as  1810 — and  that  actual  mining  began  about 
1835.  Coal  was  mined  for  local  consumption  until  the  opening  of  the 
Beaver  and  Erie  Canal  in  1844.  From  1844  until  about  1959  coal  was 
mined  from  the  area  for  commercial  and  local  domestic  use. 

Recent  coal  production  has  come  mostly  from  strip  mines  in  the  Brook- 
ville  coal  and  the  Tionesta  coal.  In  the  past,  underground  mining  pro- 
duced considerable  tonnage  of  coal  from  the  lower  Kittanning,  Brookville, 
Tionesta,  upper  and  lower  Mercer,  Quakertown,  and  Sharon  coals.  Small- 
to-moderatc  reserves  of  coal  are  present  in  all  of  these  beds  except  the 
Sharon,  which,  for  all  practical  purposes,  was  mined  out  before  1900. 
In  1961  only  two  small  underground  mines  were  in  operation,  both  of 
which  were  very  small — producing  coal  for  local  domestic  consumption 
only. 

The  Vanport  Limestone  has  been  removed  by  quarrying  operations 
from  several  square  miles  of  land  along  the  southern  boundary  of  the 
quadrangle.  It  is  used  for  cement,  blast  furnace  flux,  roadstone,  and 
agricultural  lime.  The  Vanport  was  not  being  mined  in  the  Neshannock 
quadrangle  in  1961,  although  it  was  being  mined  southwest  of  the  quad- 
rangle— not  far  from  Hillsville,  Pa.  Deposits  of  the  Vanport  Limestone 
remaining  within  the  area  are  either  of  small  areal  extent  or  deeply 
buried. 

Fire  clay  from  beneath  the  lower  Kittanning  coal  is  occasionally  mined 
in  the  southeast  part  of  the  quadrangle  for  making  building  bricks.  Sand 
and  gravel  are  mined  from  eskers,  kames,  and  valley  train  deposits  at 
many  places  in  the  quadrangle.  Sandstone  from  the  Connoquenessing 
Formation  is  quarried  3 miles  north  of  New  Castle  for  refractory  pur- 
poses. A small  quantity  of  sandstone  from  the  Connoquenessing  is 
quarried  near  Volant  for  ornamental  building  stone.  In  the  mid-nine- 
teenth century,  small  deposits  of  siderite  and  bog  iron  ore,  associated 
with  the  Vanport  Limestone  and  limestone  beds  of  the  Mercer  Formation, 
were  mined  for  use  in  charcoal  furnaces. 

GROUND  WATER 

General  Features 

Ground  water  is  the  subsurface  water  in  the  zone  of  saturation — the 
zone  in  which  all  the  rock  voids  are  filled  with  water  under  pressure 
greater  than  atmospheric.  The  water  table  is  the  upper  surface  of  this 
zone.  The  water  table  occurs  at  a relatively  shallow  depth  beneath  the 
ground  surface  throughout  most  of  the  Neshannock  quadrangle. 

In  the  Neshannock  quadrangle  the  zone  of  saturation  may  be  divided 
generally  into  two  parts.  The  upper  part,  which  occupies  the  first  few 
hundred  feet  below  the  water  table,  contains  circulating  fresh  water. 
The  lower  part  contains  highly  saline  connate  brine,  which  is,  presumably. 
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static.  The  two  fluids  meet  in  a direct  contact,  which  cuts  across  a num- 
ber of  geologic  units,  and  constitutes  the  limiting  stream  surface  of  the 
fresh-water  system. 

There  are  no  completely  impervious  rocks  within  the  fresh-water  zone 
in  the  Neshannock  quadrangle.  The  shales  are  extremely  low  in  perme- 
ability, but  they  are  saturated  with  moving  fresh  water.  The  entire 
fresh-water  system  in  the  Neshannock  quadrangle  may,  therefore,  be 
treated  as  a single  unit.  The  dynamics  of  the  fresh-water  system  can 
be  described  in  terms  of  a single  three-dimensional  flow  net  in  which 
the  lines  of  flow  and  surfaces  of  equal  hydraulic  head  are  controlled 
both  by  topography  and  by  differences  in  the  hydraulic  properties  of 
the  various  rock  units.  The  upper  limit  of  this  flow  net  is  the  water 
table,  and  the  lower  limit  is  the  brine  contact. 

In  the  following  section  the  hydraulic  properties  of  the  various  rock 
types  in  the  Neshannock  quadrangle  are  summarized  briefly.  Ground- 
water  movement,  well  performance,  and  water  quality — in  relation  to  a 
three-dimensional  flow  net — are  discussed  in  succeeding  sections. 

Hydraulic  Properties  of  the  Rocks 

A general  knowledge  of  the  hydraulic  properties  of  the  various  geo- 
logic units  is  essential  to  an  understanding  of  the  ground-water  system 
as  a whole.  The  discussion  of  hydraulic  properties  presented  here  is 
basically  qualitative,  since  very  little  exact  quantitative  data  have  been 
accumulated.  However,  some  information  is  available  on  the  orders  of 
magnitude  of  the  hydraulic  coefficients  of  the  sandstones,  and  this  infor- 
mation has  considerable  importance  in  connection  with  estimating  the 
yields  of  wells.  Definitions  of  the  significant  hydraulic  coefficients  are 
given  in  the  following  paragraphs. 

Specific  capacity. — The  specific  capacity  of  a well  is  defined  as  the 
ratio  of  its  discharge  to  the  corresponding  drawdown  in  its  water  level. 
Specific  capacity  is  in  general  a function  of  the  properties  of  the  aquifer, 
the  radius  and  efficiency  of  the  well,  and  the  duration  of  pumping;  it  is 
expressed  generally  in  gallons  per  minute  per  foot. 

Permeability. — The  coefficient  of  permeability,  K,  of  a porous  medium 
is  defined  as  the  fluid  discharge  late  maintained  through  a unit  cross 
sectional  area  of  the  medium  by  a unit  hydraulic  gradient.  It  is  a 
measure  of  the  capacity  of  the  medium  to  transmit  fluid.  In  this  report, 
the  fluid  under  consideration  is  fresh  water,  and  the  permeability  refers 
to  the  ability  of  the  medium  to  transmit  water.  If  the  hydraulic  gradient 
is  expre.ssed  in  dimensionless  form,  such  as  feet  of  hydraulic  head  per 
foot  of  flow  distance,  permeability  may  be  expressed  in  such  units  as 
gallons  per  day  per  square  foot. 
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Transmissibility. — The  coefficient  of  transmissibility,  T,  of  an  aquifer 
is  defined  as  the  coefficient  of  permeability  of  the  aquifer  multiplied  by 
the  thickness  of  the  aquifer.  It  may  be  expressed  in  such  units  as  gal- 
lons per  day  per  foot.  Experience  shows  that  the  permeability  and 
thickness  of  an  aquifer  may  differ  considerably  from  one  place  to  an- 
other; so,  the  transmissibility  may  differ  also  from  place  to  place. 

Storage  coefficient. — The  storage  coefficient,  S,  of  an  aquifer  is  defined 
as  the  volume  of  water  the  aquifer  releases  from  storage  per  unit  sur- 
face area  of  the  aquifer  per  unit  decrease  in  the  component  of  head  nor- 
mal to  that  surface.  If  volume,  area,  and  head  are  expressed  in  con- 
sistent units,  storage  coefficient  is  a dimensionless  quantity.  It  is  a 
measure  of  the  aquifer’s  ability  to  store  or  retain  water  that  is  forced 
into  it  under  hydraulic  pressure  and  to  release  this  water  upon  removal 
of  the  pressure. 

The  sandstones  of  the  Pennsylvanian  and  Mississippian  Systems  in 
the  Neshannock  quadrangle  are  generally  much  higher  in  both  lateral 
and  vertical  permeability  than  the  shales  of  these  systems.  Drilling 
experience  indicates  that  the  majority  of  wells  in  the  quadrangle  show 
very  low  yields  where  they  penetrate  only  shale  and  larger  yields  where 
they  penetrate  sandstone.  This  behavior  can  be  explained  only  on  the 
basis  of  higher  lateral  permeabilities  in  the  sandstones.  Normally,  beds 
having  low  lateral  permeability  also  have  low  vertical  permeability.  In 
the  Neshannock  area  this  is  borne  out  by  a certain  amount  of  independ- 
ent evidence  suggesting  that  the  shales  of  the  section  are  low  in  vertical 
permeability.  For  example,  the  variations  in  hydraulic  head  in  the  ver- 
tical direction  within  a given  sandstone  bed  are  extremely  small;  on  the 
other  hand,  the  vertical  head  difference  across  shale  beds — that  is,  the 
head  difference  observed  between  two  sandstone  beds  that  are  separated 
by  a shale  bed — is  commonly  quite  large. 

Permeability  of  both  primary  and  secondary  origin  occurs  in  the  Potts- 
ville  and  Mississippian  sediments,  but  there  is  not  sufficient  evidence  at 
present  to  indicate  which  form  is  predominant.  Since  the  sandstones  are 
generally  higher  in  permeability,  however,  it  would  seem  either  that  pri- 
mary permeability  predominates,  or  that  secondary  permeability  tends 
to  develop  more  extensively  in  the  sandstones  than  in  the  shales.  The 
shale  permeability  seems  to  be  high  in  a few  places,  because  some  wells 
yield  large  amounts  of  water  from  shale.  In  these  places,  the  permea- 
bility is  almost  certainly  of  secondary  origin;  however,  such  wells  are 
the  exception,  rather  than  the  rule,  in  the  Neshannock  quadrangle. 

The  coals  and  limestones  of  the  Pottsville  Group  constitute  only  a 
small  part  of  the  group,  and  very  little  information  on  their  hydraulic 
characteristics  in  the  Neshannock  quadrangle  or  elsewhere  is  available. 
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No  wells  in  the  Neshannock  quadrangle  are  known  to  obtain  water  from 
limestone  or  coal ; therefore,  these  beds  probably  have  low  permeabilities. 

The  sand  and  gravel  of  Pleistocene  age  are  much  more  permeable 
than  the  silt  and  clay.  The  gravels  are  usually  much  more  permeable 
than  the  sandstones  of  Pottsville  and  Mississippian  age. 

The  quantitative  evaluation  of  the  hydraulic  coefficients  of  a porous 
medium  generally  requires  carefully  controlled  laboratory  or  field  test- 
ing. Unfortunately,  only  one  such  test  was  made  during  the  investiga- 
tion of  the  Neshannock  quadrangle;  this  was  a pumping  test  on  well 
Mr-978,  which  taps  the  Cussewago  Sandstone  at  West  Middlesex,  Pa. 

In  order  to  compensate  for  the  lack  of  testing  within  the  Neshannock 
quadrangle,  test  results  from  other  areas,  providing  data  on  the  aquifers 
in  question,  were  utilized.  The  general  applicability  of  these  test  results 
to  the  Neshannock  area  was  checked  by  the  following  method:  Theo- 
retical relations  between  the  specific  capacity  of  a tyjncal  well  penetrat- 
ing each  sandstone  and  the  thickness  of  that  sandstone  in  the  vicinity 
of  the  well  were  developed  by  using  the  results  of  the  tests.  Ratios  of 
specific  capacity  to  sandstone  thickness,  for  wells  within  the  quadrangle, 
were  then  computed  from  data  supplied  by  drillers  and  well  owners,  and 
the  results  of  these  calculations  were  compared  with  the  theoretically 
predicted  ratios.  Where  the  comparison  was  favorable,  it  was  concluded 
that  the  hydraulic  coefficients  as  given  by  the  test  results  were  at  least 
of  the  proper  order  of  magnitude  for  the  Neshannock  quadrangle.  In 
attempting  to  analyze  the  Connoquenessing  Formation,  for  which  the 
results  of  the  comparison  were  somewhat  inadequate,  an  effort  was  made 
to  explain  the  apparent  discrepancies  on  the  basis  of  geologic  conditions 
and  to  estimate  the  actual  range  in  hydraulic  properties  of  the  Con- 
noquenessing in  the  Neshannock  quadrangle.  In  analyzing  the  Missis- 
sippian sandstones  above  the  Berea,  for  which  no  quantitative  test  results 
were  available,  an  effort  was  made  to  estimate  ranges  for  the  hydraulic 
coefficients  on  the  basis  of  the  specific-capacity  and  thickness  data  alone. 

The  figures  obtained  through  these  methods  must  obviously  be  treated 
as  approximations,  having  only  order  of  magnitude  significance.  This  is 
especially  true  since  the  results  of  the  quantitative  testing  indicate  that 
the  individual  sandstones  may  differ  in  permeability  from  place  to  place. 

Most  of  the  quantitative  testing  was  in  the  form  of  pumping  tests  of 
wells;  these  tests  yielded  figures  for  storage  coefficients  and  lateral  trans- 
missibilities.  The  coefficients  of  transmissibility  were  converted  to  coeffi- 
cients of  permeability,  because  the  thickness  of  most  of  the  sandstones 
differs  from  place  to  place.  The  conversion  required  only  division  of  the 
transmissibility  figures  by  the  thicknesses  of  sandstone  in  the  test  wells. 

As  indicated  above,  the  quantitative  data  indicates  that  the  permea- 
bility of  the  individual  sandstones  differ  from  place  to  place.  These  dif- 
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ferences  can  be  caused  by  variations  in  grain  size,  sorting,  cementation, 
and  the  development  of  fracturing.  The  information  available  is  not 
extensive  enough  to  establish  geographical  patterns  of  permeability  varia- 
tion in  any  of  the  sandstones.  The  only  conclusion  that  can  be  stated 
regarding  the  permeability  of  a given  sandstone  at  a given  point  in  the 
cjuadrangle,  is  that  it  will  probably  fall  somewhere  within  the  indicated 
range. 

In  the  following  pages,  the  sandstones  are  discussed  individually  in 
regard  to  their  permeability,  thickness,  and  transmissibility,  and  the 
apparent  ranges  in  each  of  these  variables  are  presented  for  each  sand- 
stone. The  approximate  thicknesses  of  the  sandstones  in  many  localities 
can  be  inferred  from  the  information  on  general  geology  and  stratigraphy 
presented  earlier  in  this  report.  Where  this  is  jiossible,  the  permeability 
range  of  the  sandstone  may  be  combined  with  the  thickness  of  sandstone 
at  the  point  in  question,  to  determine  the  transmissibility  range  at  that 
point.  This  local  transmissibility  range  will  generally  be  much  narrower 
than  the  transmissibility  range  given  for  the  sandstone  in  the  area  as  a 
whole. 

Following  the  discussions  of  permeability,  thickness,  and  transmissi- 
bility, a general  discussion  of  storage  coefficient  in  the  Pottsville  and 
Mississippian  sediments  is  presented.  The  use  of  these  parameters  in 
estimating  well  yields  is  outlined  in  the  section  of  well  performance. 

Pumping  tests  were  made  on  four  wells  tapping  the  sandstone  member 
of  the  Homewood  Formation  in  areas  adjacent  to  the  Neshannock  quad- 
rangle. The  coefficients  of  permeability  determined  from  these  tests 
ranged  from  9 gpd  per  ft-  to  35  gpd  per  ft^.  The  specific-capacity  and 
aquifer-thickness  data  from  wells  within  the  quadrangle  indicate  that 
the  permeability  of  this  sandstone  within  the  quadrangle  varies  in  this 
general  range.  The  thickness  of  the  sandstone  member  within  the  quad- 
rangle ranges  from  20  to  40  feet.  Combining  the  permeability  and  thick- 
ness ranges  gives  a possible  transmissibility  range  of  about  200  gpd  per 
ft  to  1,400  gpd  per  ft  for  the  sandstone  member  of  the  Homewood. 

The  Connoquenessing  Formation  is  about  130  feet  thick,  and  may 
contain  both  sandstone  and  shale.  The  ratio  of  sandstone  thickness  to 
shale  thickness  within  the  interval  differs  from  place  to  place.  In  some 
places  the  formation  is  almost  entirely  shale,  and  in  others  it  is  almost 
entirely  sandstone. 

The  permeability  of  the  sandstone  in  the  Connoquenessing  apparently 
also  differs  widely  from  j)lace  to  place.  Permeabilities  of  10  gpd  per  ft- 
and  100  gpd  per  ft^  were  obtained  from  two  pumping  tests  in  areas  adja- 
cent to  the  quadrangle.  The  specific-capacity  and  aquifer-thickness  data 
from  wells  within  the  quadrangle  suggest  strongly  that  the  spread  in 
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permeability  is  much  wider  than  these  pumping  tests  indicate,  and  actu- 
ally extends  from  about  5 gpd  per  ft^  to  about  300  gpd  per  ft^. 

The  variation  from  sandstone  to  shale  within  the  Connoquenessing 
involves  transition  through  intermediate  lithologic  types  such  as  sandy 
shale,  siltstone,  and  shaly  sandstone.  The  various  intervals  reported  as 
sandstone  in  the  specific-capacity  data  may  actually  represent  a wide 
range  of  sedimentary  classifications  between  clean  sandstone  and  sandy 
shale.  Thus,  the  only  safe  conclusion  that  can  be  drawn  from  the  data 
is  that  transmissibility  in  the  Connoquenessing  may  range  from  near 
0 gpd  per  ft,  where  the  sandstone  members  are  thin  and  shaly,  to  about 
30,000  gpd  per  ft  where  they  are  thick  and  clean.  The  probability  of 
encountering  the  highest  transmissibilities  in  any  one  well  is  low,  because 
such  transmissibilities  require  both  high  permeability  and  great  sand- 
stone thickness.  In  some  places,  however,  these  conditions  are  apparently 
met,  and  the  Connoquenessing  is  capable  of  supplying  relatively  high 
yields. 

No  pumping-test  results  are  available  for  wells  producing  from  aquifers 
of  Mississippian  age  above  the  Berea  Sandstone.  The  principal  aquifers 
in  this  interval  are  the  Shenango  Formation  and  the  sandstones  of  the 
Cuyahoga  Group;  these  sandstones  include  the  Sharpsville,  which  can 
be  traced  in  the  subsurface  in  the  southern  part  of  the  Neshannock  area, 
and  many  local  sandstones.  The  total  thickness  of  sandstone  of  Missis- 
sippian age,  above  the  Berea,  apparently  ranges  from  20  to  100  feet. 
The  data  on  specific-capacities  of  wells  and  sandstone  thickness  suggest 
that  the  permeabilities  of  sandstones  in  this  interval  generally  range 
from  5 to  50  gpd  per  fC.  If  this  is  true,  transmissibilities  ranging  from 
100  to  5000  gpd  per  ft  could  be  present  in  the  Neshannock  quadrangle. 
The  probability  of  encountering  the  highest  transmissibilities,  for  which 
both  permeability  and  thickness  must  be  maximum,  is  relatively  low. 

The  Berea  Sandstone  is  not  an  important  aquifer  in  the  Neshannock 
quadrangle.  In  the  southern  part  of  the  quadrangle,  where  the  sand- 
stone is  relatively  thick,  it  is  saturated  with  brine.  In  the  northern  part 
of  the  quadrangle  it  contains  fresh  water  but  becomes  progressively 
thinner  and  finer  grained  and  eventually  disappears  altogether.  No 
pumping-test  data  are  available  for  wells  producing  from  the  Berea; 
however,  oil  has  been  produced  from  this  sandstone  elsewhere  in  the 
“Appalachian  basin,”  and  some  quantitative  work  has  been  done  on  the 
unit  by  the  oil  industry.  Permeability  figures  have  been  published  in 
the  range  from  1 to  500  millidarcies,  or,  approximately,  from  0 to  10 
gpd  per  fC.  The  small  amount  of  available  data  on  the  specific  capacity 
and  aquifer  thickness  of  the  Berea  indicate  that  its  permeability  is  prob- 
ably in  this  range  in  the  Neshannock  quadrangle.  The  thickness  of  the 
Berea  in  the  region  of  fresh-water  saturation  may  range  from  0 to  30 
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feet,  and  its  transinissibility  should,  therefore,  fall  somewhere  between 
0 and  300  gpd  per  ft. 

Analysis  of  the  jnimjiing  test  at  West  ^Middlesex  .shows  a permeability 
of  25  gpd  per  ft-  for  the  Cussewago  Sandstone.  No  other  permeability 
figures  are  available  for  this  sandstone;  however,  the  data  on  sj)ecific 
capacity  and  acpiifer  thickness  suggest  that  this  figure  is  of  the  i)roper 
order  of  magnitude,  and  that  any  variation  in  permeability  is  probably 
between  limits  of  10  and  40  gpd  per  ft-. 

The  Cussewago  is  saturated  with  brine  in  the  southern  part  of  the 
quadrangle.  It  contains  fresh  water  in  the  northern  part  of  the  quad- 
rangle and  ranges  in  thickness  from  about  30  feet  to  about  60  feet.  Thus, 
the  transinissibility  of  the  Cussewago,  in  the  region  of  fresh-water  satura- 
tion, probably  ranges  from  300  to  2400  gpd  per  ft. 

The  various  pumping  tests  in  the  Homewood  and  Connoquenessing 
Formations,  and  the  test  in  the  Cussewago  Sandstone,  all  give  storage 
coefficients  that  seem  unusually  high  for  consolidated  artesian  aquifers. 
The  coefficients  range  from  10“'*  to  10--,  whereas  the  storage  coefficient 
for  a consolidated  artesian  aquifer  is  normally  between  10***  and  10“^. 
The  determination  of  storage  coefficient  by  pumping  test  analysis  is 
highly  sensitive  to  experimental  error,  and  this  may  account  in  part  for 
the  abnormal  results.  It  is  unlikely,  however,  that  all  of  the  test  results 
are  in  error  to  such  an  extent,  and  it  seems  safe  to  conclude  that  the 
storage  coefficients  are  generally  high. 

In  the  discussion  of  ground-water  movement,  it  is  shown  that  the 
vertical  flow  of  water  through  shale  beds  is  an  important  factor  in  the 
regional  movement  of  ground  water  in  the  Neshannock  quadrangle.  It 
seems  reasonable,  therefore,  to  suppose  that  vertical  leakage  through 
the  confining  shales  supplies  an  appreciable  part  of  the  water  that  is 
apparently  withdrawn  from  storage  in  the  sandstones  during  well  dis- 
charge. The  validity  of  this  interpretation  cannot  be  fully  established 
by  the  small  amount  of  data  available.  However,  the  preliminary  indi- 
cations are  that  the  storage  coefficients  of  sandstones  in  the  Pottsville 
Group  and  sandstones  of  Mississippian  age  are  unusually  high  and  are 
actually  apparent  storage  coefficients,  reflecting  the  increased  vertical 
flow  of  water  into  the  sandstones  from  the  confining  shales  in  the  vicinity 
of  a discharging  well.  The  fact  that  the  figures  may  actually  be  only 
apparent  storage  coefficients  does  not  affect  api)reciably  their  utility  in 
predicting  well  j^erformance.  In  general,  with  the  data  available,  it  is 
possible  only  to  estimate  the  orders  of  magnitude  of  well  yields.  It 
should  be  permissible  then,  to  assume  a storage  coefficient  of  ICk^  for  the 
sandstones  of  Pennsylvanian  and  IMississippian  age  in  the  Neshannock 
quadrangle. 
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The  Ground-water  System  in  the  Neshannock  Quadrangle 
General  principles  of  ground-water  flow 

Hydraulic  head,  as  used  in  this  report,  is  defined  by  the  equation 

P 

h = Z + — (1) 

Pg 

Where  h is  the  hydraulic  head  at  a given  point  in  a fluid  system,  Z 
is  the  elevation  of  the  point  above  an  arbitrary  datum,  P is  the  hydraulic 
pressure  at  the  point,  p is  the  density  of  the  fluid,  and  g is  the  acceleration 
due  to  gravity. 

P 

The  term  — gives  the  height  of  a static  column  of  the  fluid  that  can 
pg 

be  supported  above  the  point  in  question,  so  that  the  hydraulic  head  is 
the  elevation  aliove  datum  of  tlie  ujiper  surface  of  such  a column.  As 
defined  in  equation  ( 1 ) , hydraulic  head  is  a measure  of  the  potential 
energy  carried  by  a unit  weight  of  the  fluid  at  a given  point  in  the  flow 
system.  Losses  in  head  from  one  point  to  another  indicate  the  energy 
consumed  in  overcoming  frictional  resistance  to  flow  between  the  points. 
The  kinetic  energy  of  flow  is  usually  negligible  in  ground-water  systems; 
and  it  is,  therefore,  unnecessary  to  include  a velocity  term  in  equation  (1). 

In  ground-water  systems,  hydraulic  head  may  be  measured  as  the 
elevation  to  which  water  will  rise  in  a tightly  cased  well  that  penetrates 
to  the  ]ioint  in  question  and  is  open  to  no  other  point  below  the  water 
table.  Where  it  is  unnecessary  to  consider  variations  of  head  with  time, 
or  where  the  distribution  of  hydraulic  head  at  a particular  instant  of 
time  is  of  interest,  surfaces  of  equal  hydraulic  head  may  be  used  tq 
describe  the  variations  of  head  in  three  dimensions.  A surface  of  equal 
hydraulic  head  is  an  imaginary  surface  within  the  earth,  points  on  which 
have  the  same  value  of  hydraulic  head.  A family  of  such  surfaces  can 
serve  to  illustrate  the  head  distribution  in  three  dimensions. 

The  fluid  in-essure  exerted  upon  points  on  the  water  table  is  essentially 
the  atmospheric  pressure.  Because  this  pressure  is  exerted  upon  all  parts 
of  the  ground-water  system,  it  need  not  be  considered  in  the  calculations, 

P 

and  the  term  — for  jioints  on  the  water  table  may  be  taken  as  zero, 
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Thus  the  heail  at  a point  on  the  water  table  is  simifly  the  elevation  of 
the  point  above  datum.  Contour  lines  on  the  water  table  are,  therefore, 
lines  of  erpial  head  that  mark  the  intersections  of  the  three-dimensional 
surfaces  of  equal  head  with  the  water  table. 


GROUND  WATER 


61 


Movement  of  ground  water  in  the  steady  state  is  governed  by  Darcy’s 
law,  which  may  be  expressed  as 

Q 8h 

- = -K,-  (2) 

A 8x 

in  which  Q is  the  volumetric  fluid-discharge  rate  through  a cross-sectional 

8h 

area  A in  a porous  medium,  when  the  head  gradient  normal  to  A is  — , 

8x 

and  the  permeability  of  the  medium  in  this  direction  is  K^.  The  negative 
sign  indicates  that  the  flow  is  in  the  direction  of  decreasing  head.  It 
follows  from  Darcy’s  law  that  in  a homogeneous  and  isotropic  porous 
medium,  lines  of  flow  are  perpendicular  to  the  surfaces  of  equal  head, 
and  a detailed  quantitative  description  of  the  flow  system  can  be  derived 
from  head  data.  Tlie  situation  is  more  complex  in  heterogeneous  or 
anisotropic  media,  but  even  in  these  media  qualitative  representations 
of  the  flow  pattern  can  usually  be  obtained  from  head  data. 

The  circulation  of  fresh  ground  water  is  one  stage  of  the  hydrologic 
cycle.  It  constitutes  a segment  of  the  discharge  system  through  which 
water  that  falls  as  i)recipitation  eventually  returns  to  the  sea.  A fraction 
of  the  precipitation  falling  on  an  area  infiltrates  to  the  saturated  zone 
and  then  flows,  according  to  Darcy’s  law,  either  directly  to  the  sea 
through  an  aquifer  system  or,  more  commonly,  into  a stream  and  through 
the  stream  system  to  the  sea. 

The  earth  is  generally  a heterogeneous  and  anisotropic  porous  frame- 
work for  ground-water  flow.  The  flow  system  will  tend  to  adjust  to  a 
jiattern  of  minimum  resistance  through  this  framework  by  crossing  beds 
of  low  jiermeability  in  the  shortest  possible  paths  and  then  moving 
relatively  long  distances  through  the  beds  of  high  permeability.  In  an 
area  such  as  the  Neshannock  quadrangle,  in  which  shales  of  low  perme- 
ability alternate  with  more  permeable  sandstones  in  a nearly  horizo  ital 
section,  and  where  the  region  is  cut  by  well-developed  stream  systems, 
ground  water  will  tend  to  flow  almost  vertically  across  the  shales  and 
will  move  laterally  through  the  sandstones — toward  the  stream  vail  ws. 
The  flow  will,  thus,  tend  to  be  undirectional  within  a given  sandstone  or 
shale  unit,  and  the  effects  of  internal  anistroj)hy  in  these  units  should 
be  minor.  Flowlines  and  surfaces  of  equal  head  will  be  roughly  per- 
pendicular within  a given  bed,  and  both  will  be  refracted  shari)ly  at 
lithologic  contacts. 

In  seeking  the  i)attern  of  minimum  resistance,  the  ground-water  system 
may  devehij)  several  superposed  paths  of  flow.  For  example,  direct  circu- 
lation into  the  local  streams  may  occur  through  the  uppermost  aquifers, 
while  the  deeper  aquifers  carry  flow  (maintained  largely  by  vertical 
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leakage  from  the  upper  aquifers)  from  a large  area  toward  the  major 
stream  valleys. 

In  addition  to  their  ability  to  transmit  water  according  to  Darcy’s  law, 
saturated  earth  materials  possess  the  ability  to  absorb  additional  water 
into  storage.  In  a water-table  aquifer,  ground-water  storage  can  be  ac- 
counted for  by  changes  in  the  level  of  saturation.  The  mechanism  of 
storage  in  confined  aquifers  is  not  fully  understood  at  the  present  time; 
however,  as  the  hydraulic  head  on  a confined  aquifer  is  increased,  water 
is  aiqiarently  forced  into  storage  within  it,  as  though  the  pore  spaces  were 
exiianded  and  the  fluid  compressed  by  the  increase  in  pressure.  The 
quantity  of  water  taken  into  storage  is  observed  to  be  directly  propor- 
tional to  the  apjilied  head  increase,  the  constant  of  proiiortionality  for  a 
given  aquifer  being  the  storage  coefficient  (S)  defined  in  the  preceding 
section. 

If  the  head  is  increasing  with  time  at  a given  point  in  a ground-water 
system,  inflow  to  the  segment  of  aquifer  in  the  vicinity  of  that  point 
exceeds  outflow,  and  water  is  being  taken  into  storage;  if  head  is  falling, 
outflow  exceeds  inflow  and  is  being  released  from  storage  in  the  vicinity 
of  the  point.  The  essential  characteristic  of  a ground-water  system  at 
equilibrium,  in  which  the  head  distribution  is  unchanging  with  time,  is 
that  inflow  and  outflow  are  in  balance  throughout  the  system. 

Because  of  the  erratic  nature  of  recharge  by  jirecipitation,  ground- 
water  systems  are  seldom  truly  in  eciuilibrium,  as  the  hydraulic  head 
must  increase  during  jicriods  of  recharge  and  decline  during  periods  of 
discharge.  Over  a long  period  of  time,  however,  the  average  natural 
outflow  of  a ground-water  system  tends  to  balance  the  average  recharge, 
and  the  head  variations  tend  to  be  fluctuations  about  a mean. 

In  areas  where  the  lower  limit  of  the  ground-water  flow  system  is  a 
direct  fluid  contact  between  fresh  ground  water  and  a connate  brine  of 
higher  density,  some  information  on  the  fresh-water  system  can  be 
derived  from  the  position  and  attitude  of  this  contact.  A relatively 
simi)le  analysis  of  the  situation  can  be  given  if  diffusion  is  assumed 
negligible  and  the  brine  is  assumed  to  be  static;  in  most  cases  these  as- 
suinjitions  ajipear  to  be  good  approximations  to  the  existing  conditions. 

It  can  be  shown  that  the  fresh  water  adjacent  to  the  contact  can  flow, 
even  though  the  brine  is  static.  This  flow  of  fresh  water  will  parallel  the 
contact — in  other  words',  the  limiting  streamlines  of  the  fresh-water  sys- 
tem will  lie  along  the  contact.  The  contact  will  rise  in  the  direction  of 
fresh-water  flow,  attaining  a maximum  elevation  under  channels  of 
ground-water  discharge,  and  a maximum  dciith  under  major  ground- 
water  divides.  Because  the  flow  along  the  contact  represents  the  deepest 
segment  of  the  fresh-water  system,  it  will  generally  be  the  most  regional 
in  nature;  the  position  and  attitude  of  the  brine  contact  is,  thus,  usually 
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related  to  the  major  streams  and  the  major  divide  areas,  and  may  be 
relatively  unaffected  by  more  local  ground-water  circulation  in  the 
shallow  aquifers. 

Ground-water  flow  in  the  Neshannock  quadrangle 

The  Neshannock  quadrangle,  as  indicated  previously,  has  a relatively 
uniform  iqfland  surface  that  is  cut  hy  a network  of  stream  valleys,  many 
of  which  are  filled  to  a considerable  de]ith  with  unconsolidated  rocks  of 
Pleistocene  age.  The  stream  valleys  form  natural  avenues  of  local  dis- 
charge for  ground  water,  which  may  then  either  find  its  way  into  the 
streams  and  leave  the  region  as  surface-water  discharge  or  move  out  of 
the  region  through  the  unconsolidated  sediments  filling  the  valleys  as 
ground-water  discharge.  The  upland  regions  intercept  most  of  the  pre- 
cipitation falling  on  the  quadrangle,  because  they  make  up  the  bulk  of 
its  area;  therefore,  they  arc  the  most  important  areas  of  recharge  for 
the  ground-water  system.  The  general  pattern  of  ground-water  flow  is 
downward  anti  outward  from  the  high  regions,  and  upward  and  inward 
toward  the  stream  valleys.  The  circulation  from  the  uplands  to  the 
valleys,  however,  is  superposed  throughout  most  of  the  quadrangle  upon 
a more  regional  circulation  from  areas  north  of  the  rpiadrangle  to  the 
Phenango  and  Alahoning  River  valleys. 

Plate  3 sliows  an  idealized  geologic  and  hydrologic  cross  section,  along 
a diagonal  line  extending  from  the  southwest  corner  to  the  northeast 
corner  of  the  quadrangle.  The  hydrologic  features  represented  on  the 
section  include  the  water  table,  the  contact  between  fresh  water  and 
connate  brine,  lines  of  equal  hydraulic  head,  and  general  directions  of 
flow.  The  lines  of  equal  head  represent  the  traces,  on  the  vertical  iflane 
of  the  section,  of  the  three-dimensional  surfaces  of  equal  head;  similarly, 
the  lines  representing  the  water  table  and  brine  contact  represent  the 
traces  of  these  surfaces  on  the  vertical  plane  of  the  section.  The  flow  net 
shown  on  the  cross  section  is  only  a first  approximation,  as  control  was 
limited,  and  the  various  features  rej^resented  may  fluctuate  seasonally. 
The  section  is  intended  to  illustrate  the  general  ground-water  pattern, 
rather  than  to  give  exact  quantitative  data. 

The  ground-water  flow  tends  to  cross  shales  and  other  low-permeability 
units  vertically,  and  to  move  laterally  toward  the  valleys  through  the 
sandstones.  The  surfaces  of  equal  head  are,  thus,  nearly  horizontal  in 
the  shales,  are  refracted  sharply  at  sandstone-shale  contacts,  are  almost 
vertical  in  the  sandstones,  and  are  elongate  parallel  to  the  valleys. 
Plate  3 shows  that  the  highest  surfaces  of  ef{ual  head  close  beneath  the 
topographic  highs  within  the  quadrangle.  It  shows  also  that  some  of 
the  lower  surfaces  close  beneath  the  smaller  streams,  others  extend  out 


64 


NESHANNOCK  QUADRANGLE 


of  the  q\iadrangle  to  the  north  or  northeast,  and  the  lowest  surfaces  close 
beneath  the  major  stream  valleys  or  intersect  the  brine  contact. 

The  flow  patterns  corresponding  to  this  potential  distribution  are 
both  local  and  regional  in  character.  A part  of  the  precipitation  infil- 
trating to  the  ground-water  system  in  the  uplands  flows  through  the 
Pennsylvanian  rocks,  in  a relatively  local  pattern,  to  the  adjacent 
streams;  the  remainder  percolates  downward  into  the  Mississippian 
sandstones,  adding  to  the  regional  movement  of  ground  water.  Every- 
where north  of  the  Mahoning  River  valley  this  deep,  regional  flow  seems 
to  be  to  the  south  or  southwest.  The  indications  are  that  this  regional 
discharge  is  one  segment  of  a large-scale  flow  pattern,  similar  in  form 
to  the  more  local  flow,  but  directed  from  the  major  topographic  divides 
to  the  large  river  valleys  and  continually  added  to  by  vertical  leakage. 
If  this  is  true,  the  southward  regional  flow  probably  originates  in  the 
divide  areas  bounding  the  Mahoning-Shenango  Rivers  drainage  system 
to  the  north  and  east  of  the  Neshannock  quadrangle.  Thus,  the  source 
of  most  of  the  fresh  ground  water  in  the  Neshannock  quadrangle  is  the 
precipitation  falling  directly  on  the  quadrangle  and  on  topographically 
higher  areas  to  the  north  and  east. 

The  Mahoning  River  valley  and,  to  some  extent,  the  Shenango  River 
valley  form  discharge  channels  for  the  regional  flow.  The  Mahoning 
River  valley  is  probably  the  limit  of  the  southward  flow,  and  the 
regional  flow  south  of  the  Mahoning  River  valley  is  probably  northerly, 
toward  the  valley,  as  indicated  on  the  cross  section.  The  Shenango  and 
Mahoning  River  valleys  may  discharge  only  a part  of  the  southward 
flow — the  rest  of  it  flowing  on  to  the  Ohio  River  valley.  There  is  very 
little  data  on  the  hydraulic  head  in  the  deep  aquifers  south  of  the 
Mahoning  River,  or  on  the  position  of  the  brine  contact  in  that  area; 
therefore,  more  precise  definition  of  the  regional  flow  is  not  possible. 

The  position  of  the  brine  contact  in  the  Neshannock  quadrangle  is 
known  only  approximately,  but  it  has  been  established  that  it  rises  to 
the  south  or  southwest  and  cuts  across  the  Cussewago  and  Berea  Sand- 
stones in  the  central  part  of  the  quadrangle.  This  indicates  clearly  that 
the  position  of  the  contact  is  controlled  by  the  regional  flow  of  ground 
water  to  the  south  or  southwest. 

If  the  origin  of  this  regional  flow  is  in  the  divide  areas  bounding  the 
Mahoning-Shenango  Rivers  drainage  system,  the  brine  contact  must  con- 
tinue to  decline  for  20  or  30  miles  north  and  northeast  of  the  quadrangle, 
reaching  its  maximum  depths  in  the  divide  regions.  Similarly,  if  the 
Shenango  and  IMahoning  Rivers  discharge  all  of  the  regional  flow  from 
the  north,  the  contact  must  reverse  itself  and  begin  declining  south  of 
the  Mahoning  River  valley.  If  only  a part  of  the  deep  circulation  from 
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the  north  is  discharged  by  the  Shenango  and  Mahoning  Rivers,  the  con- 
tact must  rise  to  a crest  beneatli  the  Ohio  River  valley. 

The  assumption  that  the  brine  is  static  seems  to  be  acceptable  in  the 
Neshannock  quadrangle,  because  accumulations  of  oil  and  gas  have  been 
found  associated  with  the  brine  in  the  Cussewago  and  Berea  Sandstones 
in  the  southern  part  of  the  quadrangle,  and  such  accumulations  normally 
require  static  reservoir  conditions.  The  brine  is  very  high  in  ionic  con- 
centrations, and  may  contain  as  much  as  180,000  ppm  dissolved  solids. 

Conventionally,  artesian  aquifers  are  defined  as  confined  aquifers  in 
which  the  hydraulic  head  is  higher  than  the  upper  surface  of  the  aquifer. 
The  cross  section  (Plate  3)  shows  that  throughout  most  of  the  Xeshan- 
nock  quadrangle  all  sandstones  below  the  uppermost  shale  satisfy  this 
definition.  However,  these  artesian  (confined)  zones  are  linked  to  the 
overlying  water  table  (unconfined)  zones,  and  to  one  another,  in  a 
continuous  hydraulic  system.  This  qualification  should  be  kept  in  mind 
whenever  the  terms  “artesian”  or  “unconfined”  are  applied  to  aquifers 
in  this  region. 

Beneath  the  upland  areas  of  the  quadrangle,  the  hydraulic  head  gen- 
erally decreases  with  depth,  the  decreases  occurring  mostly  across  the 
beds  of  shale.  Beneath  the  small  valleys  in  the  uplands,  head  at  first 
increases  and  then  decreases,  so  that  there  is  a division  of  ground-water 
flow  beneath  these  valleys.  In  the  unconsolidated  sediments  of  the 
Shenango  and  Mahoning  River  valleys,  the  hydraulic  head  increases 
continuously  with  depth,  except  in  a few  localities  where  pumping  has 
lowered  the  head  in  the  deeper  zones.  The  increases  of  head  in  these 
valleys  seem  to  be  considerably  less  than  the  decreases  observed  in  the 
upland  areas,  indicating  the  flow  of  water  through  the  consolidated  rock 
uses  more  energy  than  the  flow  through  the  unconsolidated  rocks. 

As  mentioned  in  the  discussion  of  geology,  available  information  indi- 
cates that  the  unconsolidated  sediments  of  the  Shenango  and  Mahoning 
River  valleys,  and  of  the  larger  upland  valleys  as  well,  are  predominantly 
fine  silt  and  clay.  If  this  is  so,  the  greatest  percentage  of  the  ground 
water  entering  these  larger  valleys  probably  flows  into  the  streams  and 
discharges  as  surface  water — rather  than  as  stream  underflow  in  the 
unconsolidated  sediments. 


Well  Performance 

From  a practical  or  economic  point  of  view,  there  are  three  topics 
that  must  be  considered  in  discussing  the  performance  of  a water  well: 
(1)  The  depth  to  water  prior  to  pumping,  (2)  the  specific  capacity  of 
the  well  and  its  variation  with  duration  of  pumping,  and  (3)  the  quality 
of  the  water  produced  by  the  well.  In  this  section,  the  first  two  of  these 
topics  will  be  considered  for  wells  in  the  Neshannock  quadrangle. 
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Economic  significance  of  static  level  and  specific  capacity 

Specific  capacity  and  the  water  level  prior  to  pumping  determine  the 
cost  of  pumping  from  a well.  The  power  needed  to  pump  water  to  a 
height  m,  at  a discharge  rate  q,  is  given  by  the  product  mq.  If  the 
height  to  which  the  water  must  be  lifted  varies  with  time,  while  the 
discharge  rate  remains  constant,  the  power  required  to  supply  the  dis- 
charge must  vary  with  time.  In  a water  well,  the  height  to  which  the 
water  must  be  pumped  is  composed  of  two  segments:  (1)  the  distance 
from  the  land  .surface  to  the  water  level  prior  to  pumping,  and  (2)  the 
drawdown,  or  distance  from  the  water  level  prior  to  pumping  to  the 
water  level  during  pumping.  The  first  segment  is  normally  constant;  the 
second  is  determined  by  the  specific  capacity  of  the  well,  and  normally 
it  increases  as  the  time  of  pumping  increases.  If  u is  used  to  represent 
the  distance  from  tank  intake  to  water  level  prior  to  pumping,  and  s(t) 
is  used  to  represent  the  time  varying  drawdown,  the  instantaneous  power 
output  required  to  supply  a discharge  q to  a storage  tank  is 

P(t)  =q  [u  + s(t)].  (3) 

The  cost  of  operating  the  pump  for  a given  length  of  time  depends 
upon  this  power  output,  the  length  of  time  involved,  and  the  efficiency 
of  the  pumping  system,  which  normally  decreases  as  the  depth  to  water 
increases.  Equipment  costs,  as  well  as  operating  costs,  are  influenced 
by  these  factors,  since  the  pump  should  be  powerful  enough  to  maintain 
the  required  discharge  from  the  deepest  pumping  level  that  may  be 
encountered. 

Factors  controlling  specific  capacity  and  water  level 
in  the  Neshannock  quadrangle 

Water  wells  in  consolidated  rock  in  the  Neshannock  quadrangle  yield 
chiefly  from  the  sandstones  of  the  section.  The  shales,  except  where 
fractured,  are  too  low  in  permeability  to  contribute  significantly  to  well 
yields.  The  shales  are  capable  of  transmitting  relatively  high  discharges 
vertically,  as  part  of  the  regional  ground  water  circulation,  but  this  is 
due  to  their  large  cross-sectional  areas  of  flow,  which  compensate  for 
their  low  permeability.  In  the  radial  flow  of  water  to  a well,  the 
cylindrical  area  through  which  the  flow  must  pass  diminishes  continually 
toward  the  well  and  is  smallest  at  the  well.  The  shale  permeabilities  are 
generally  too  low  to  permit  a large  discharge  through  the  walls  of  the 
well. 

The  water  level  in  a well  is  determined  by  the  vertical  distribution  of 
hydraulic  head  in  the  rocks  through  which  the  well  is  drilled  and  by 
the  transmissibility  and  storage  coefficients  of  these  rocks.  If  the  well 
is  to  be  drilled  at  a point  beneath  which  the  head  has  some  constant 
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value  (H)  throughout  the  depth  interval  to  be  penetrated,  the  water 
level  in  the  well  will  stand  at  height  H above  the  datum.  If,  however, 
the  well  is  to  be  drilled  at  a point  bf'ncath  which  variations  in  head 
occur  at  different  depths,  the  water  level  in  the  well  will  represent  some 
balance  between  the  various  hydraulic  heads  present  before  drilling. 

Examination  of  the  cross  section  of  Plate  3 shows  that  vertical  varia- 
tions in  head  exist  at  almost  all  jmints  in  the  Neshannock  quadrangle. 
An  open  borehole  in  the  consolidated  formations  acts  essentially  as  a 
path  of  low  resistance,  through  which  the  vertical  flow  of  ground  water 
can  proceed  more  easily  than  through  the  shales.  When  a well  is  com- 
pleted through  more  than  one  sandstone,  a new  flow  pattern  is  set  up 
in  the  vicinity  of  the  well;  water  moves  radially  toward  the  borehole  in 
the  sandstones  of  higher  head,  flows  vertically  through  the  borehole,  and 
moves  radially  away  from  the  borehole  in  the  sandstones  of  lower  head. 

In  the  upland  areas,  head  decreases  as  the  depth  increases  in  the  fresh- 
water zone.  The  water  level  of  a well  drops  as  it  is  deepened  into  each 
new  sandstone,  and  downward  internal  discharge  prevails  throughout 
the  borehole.  In  the  smaller  stream  valleys,  head  may  first  increase  and 
then  decrease  with  depth,  as  indicated  on  the  hydrologic  cross  section. 
If  a well  in  one  of  these  valleys  is  extended  into  successive  sandstones 
the  water  level  may  rise  at  first  and  then  drop  as  the  lower  sandstones 
are  penetrated.  In  the  major  stream  valleys,  the  head  generally  increases 
downward  through  the  unconsolidated  sediments;  these  increases  tend  to 
be  small,  and  the  rises  in  water  level  that  occur  as  a well  is  deepened 
in  the  valley  sediments  will  usually  be  small. 

Specific  capacity,  as  stated  earlier,  is  the  yield  per  foot  of  drawndown 
of  a well.  If  a graph  is  plotted  showing  discharge  on  the  ordinate  and 
drawdown  on  the  abscissa,  both  corresponding  to  a specified  duration  of 
pumping,  specific  capacity  is  the  slope  of  this  graph,  AQ/As.  Jacob 
(1950)  has  shown  that  after  a short  period  of  discharge  the  specific 
capacity  of  a well  penetrating  a single  aquifer  is  given  by 


AQ  1 

= (4) 

As  2.30  2.25Tt 

log + CQ2 

47rT  r^^S 


where  T is  the  transmissibility  of  the  aquifer 
t is  the  time  since  the  start  of  pumping 
rw  is  the  radius  of  the  well 
S is  the  storage  coefficient 

and  C is  the  entrance  loss  coefficient  of  the  well,  which  may  have  a 
value  on  the  order  of  0.01  ft  per  gpm  of  discharge.  Equation  4 shows 
that  specific  capacity  normally  decreases  logarithmically  as  the  time  of 
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pumping  increases.  It  is  derived  assuming  that  the  rate  of  discharge 
does  not  vary  with  time;  that  the  aquifer  is  infinite  in  extent,  is  homo- 
geneous and  isotropic,  is  nowhere  open  to  recharge  or  other  discharge, 
and  that  head  is  uniform  throughout  the  aquifer  prior  to  pumping. 

Though  these  conditions  are  not  fully  satisfied  for  the  various  perme- 
able zones  in  the  Neshannock  quadrangle  or  elsewhere,  equation  4 
usually  holds  as  an  approximate  expression  for  the  specific  capacity  of 
a well  penetrating  a single  permeable  zone  and  operating  intermittently. 
The  permeable  zone  will  generally  be  areally  extensive  when  compared 
to  the  area  of  influence  of  such  a well.  The  head  variations  present 
originally  within  the  permeable  zone  are  gradual  in  nature;  so,  within 
the  area  of  influence  of  a well  that  is  operated  intermittently,  the  head 
can  be  considered  essentially  uniform  prior  to  pumping.  The  permeable 
zone  probably  receives  a large  amount  of  vertical  recharge  from  the 
confining  beds  as  the  well  is  pumped;  however,  if  the  storage  coefficient 
is  considered  to  include  a factor  describing  this  vertical  recharge,  the 
expression  given  by  Jacob  is  still  useful  as  an  approximate  formula  for 
the  specific  capacity  of  the  well. 

The  maximum  specific  capacity  that  can  be  expected  from  a well 
tapping  a given  sandstone  in  the  Neshannock  quadrangle  can  be  esti- 
mated by  applying  equation  4 and  using  a storage  coefficient  of  ICk^  and 
the  maximum  transmissibility  value  given  for  that  sandstone  in  the 
section  entitled  “Hydraulic  properties  of  the  rocks.”  The  minimum 
specific  capacity  that  can  be  expected  from  the  well  may  be  estimated 
in  a similar  way,  using  the  minimum  transmissibility  given  for  the  sand- 
stone. It  should  be  permissible  to  neglect  entrance  losses  in  such  calcu- 
lations— that  is,  to  assume  C = 0 — since  the  results  are  intended  only 
as  estimates. 

The  use  of  equation  4 as  an  expression  for  specific  capacity  should  not 
be  taken  to  mean  that  the  discharges  of  wells  in  this  area  represent 
unreplenished  withdrawals  from  storage.  During  pumping,  withdrawals 
from  storage  in  the  permeable  zones  or  in  the  confining  beds  can  be  an 
important  factor  in  maintaining  the  discharge  rate;  hence,  an  expression 
of  the  form  of  equation  4 can  often  serve  as  a useful  approximation  for 
specific  capacity.  Most  of  the  wells  in  the  area  pump  intermittently, 
and  since  each  horizon  is  part  of  a continuous  hydrologic  system,  which 
is  heavily  recharged  by  precipitation,  withdrawals  from  storage  in  an 
individual  bed  are  generally  replenished  during  rest  periods  between 
pumping.  On  a regional  scale,  general  increases  in  ground-water  utili- 
zation tend  to  result  in  a new  regional  equilibrium,  rather  than  in  pro- 
longed withdrawals  from  storage.  In  this  new  equilibrium  the  natural 
discharge  through  the  stream  valleys  is  reduced  by  an  amount  equal  to 
the  increases  in  utilization. 
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In  the  discussion  of  hydraulic  properties,  it  was  indicated  that  frac- 
turing may  be  responsil)le  for  some  of  the  zones  of  higher  permeability 
in  the  consolidated  rocks  of  the  area.  Also,  small  isolated  fractures  can 
be  important  in  relation  to  the  specific  capacity  of  a well.  If  a well 
passes  through  such  a fracture,  in  a bed  whose  overall  permeability  is 
of  reasonable  magnitude,  the  effect  of  the  fracture  will  be  to  reduce  the 
entrance  losses  connected  with  that  zone  and,  thus,  to  increase  its  yield 
per  foot  of  drawdown.  A further  effect  of  this  type  of  fracturing  may 
be  an  alteration  of  the  geometry  of  radial  flow  normally  present  around 
a well.  This,  in  turn,  will  eliminate  some  of  the  high  head  losses  due  to 
the  rapid  decrease  in  flow  area  near  the  well  under  conditions  of  normal 
radial  flow.  In  the  Neshannock  quadrangle,  neighboring  wells  that  pene- 
trate the  same  section  sometimes  differ  somewhat  in  specific  capacity. 
The  most  reasonable  explanation  for  this  is  that  one  of  the  wells  inter- 
cepts an  isolated  fracture  in  one  of  the  permeable  zones,  and  the  other 
does  not.  Local  fracturing  may  cause  a domestic  well  in  shale  to  be 
successful  if  the  fractures  are  large  or  numerous  enough  to  compensate 
for  the  low  primary  permeability  of  the  shale. 

It  can  be  shown  (Bennett  and  Patten,  1960 1 that  the  specific  capacity 
of  a well  increases  as  each  new  permeable  zone  is  penetrated,  and  that 
the  increase  is  approximately  equal  to  the  specific  capacity  of  a well 
tapping  the  new  permeable  zone  alone.  Thus,  the  increase  in  specific 
capacity  that  will  result  from  penetration  of  a new  aquifer  can  be  pre- 
dicted approximately  by  equation  4,  using  the  transmissibility  and 
storage  coefficient  of  the  aquifer  in  question. 

The  effect  of  deepening  a well  in  the  upland  areas  into  another  sand- 
stone is  to  increase  the  term  u of  equation  3 and  to  decrease  the  term 
s(t).  In  order  to  predict  whether  the  net  effect  of  well  deepening  will 
be  an  increase  or  decrease  in  pumping  costs,  accurate  information  on  the 
transmissibility  coefficients,  storage  coefficients,  and  original  hydraulic 
heads  of  the  various  aquifers  is  necessary.  The  data  available  for  these 
variables  in  the  Neshannock  quadrangle  are  not  sufficiently  accurate 
to  permit  successful  jn-ediction  of  this  sort. 

During  the  construction  of  industrial  or  municipal  wells  in  the  upland 
areas  of  the  Neshannock  cpiadrangle,  therefore,  it  may  be  advisable  to 
run  pumping  tests  following  the  penetration  of  each  permeable  zone,  in 
order  to  determine  the  optimum  well  depth.  For  domestic  wells,  it  would 
be  a good  policy  to  run  a brief  pumi)ing  or  bailer  test  after  the  penetration 
of  the  first  sandstone.  If  this  test  indicates  that  the  well  can  supply  the 
necessary  yield,  and  that  the  water  is  of  suitable  quality,  no  further 
drilling  is  necessary.  Extending  the  well  into  deeper  horizons  may  result 
in  higher  pumping  and  ecpiipment  costs. 
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The  following  section  shows  that  extending  a well  into  deeper  aquifers 
may  sometimes  be  desirable  in  order  to  obtain  water  of  a suitable  quality. 
For  such  wells,  pumping  costs  may  be  of  secondary  importance. 

The  problem  of  declines  of  water  levels  as  wells  are  drilled  deeper  is 
not  significant  in  the  major  stream  valleys — as  indicated  previously, 
water  levels  in  wells  can  be  expected  to  rise  slightly  as  wells  in  these 
valleys  are  deepened.  The  uppermost  rocks  in  major  valleys  are  pre- 
dominantly fine-grained  lacustrine  clays,  and  in  many  places  there  may 
be  no  more  than  one  sand  or  gravel  of  high  permeability  in  the  entire 
section  of  unconsolidated  rocks.  The  problems  of  multiaquifer  wells, 
therefore,  are  not  likely  to  be  as  important  in  the  valleys  as  in  the  upland 
regions. 

The  Cussewago  Sandstone  has  been  used  extensively  in  the  Shenango 
valley,  in  the  northern  part  of  the  quadrangle.  In  a few  localities  the 
head  in  this  aquifer  has  been  lowered  by  sustained  pumping;  in  these 
localities,  water  levels  may  decline  in  new  wells  if  they  are  drilled  through 
the  unconsolidated  rocks  and  into  this  sandstone. 

Quality  of  Water 
General  theory 

The  chemical  quality  of  the  ground  water  in  the  Neshannock  quad- 
rangle is  discussed  here  in  relation  to  knowledge  of  the  geology  and 
ground-water  movement  in  the  area,  because  the  chemical  character  of 
the  ground  water  at  a given  point  in  the  area  is  strongly  affected  by 
processes  that  act  on  the  water  as  it  moves  through  the  earth  toward 
that  point.  Therefore,  thorough  study  of  the  chemical  quality  of  ground 
water  in  an  area  such  as  the  Neshannock  quadrangle  requires  detailed 
analyses  of  water  samples  taken  from  many  parts  of  the  area.  The 
aquifer  from  which  the  sample  was  taken  must  be  determined,  and  the 
position  or  role  of  that  aquifer  in  the  flow  net  of  the  area  must  be 
understood. 

During  this  investigation,  only  a few  samples  that  provided  the  neces- 
sary control  could  be  obtained.  Most  of  the  data  that  was  obtained, 
however,  fits  a certain  pattern  and  supports  a reasonably  clear  interpre- 
tation. This  interpretation  is  presented  here,  together  with  some  dis- 
cussion of  its  practical  consequences.  Because  of  the  small  amount  of 
experimental  data,  the  interpretations  and  conclusions  presented  here 
should  be  treated  as  hypotheses,  rather  than  as  established  theory.  If 
additional  evidence  (accumulated  as  the  ground-water  supplies  of  the 
region  are  further  developed)  seems  to  support  the  hypotheses  proposed 
in  this  section,  they  may  be  treated  with  greater  confidence.  These 
hypotheses  may  very  well  be  established  as  valid  for  certain  parts  of  the 
area,  and  not  for  others. 
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In  the  field  investigation  of  water  quality  in  the  Neshannock  quad- 
rangle, all  water  samples  from  deep  aquifers  in  the  upland  areas  were 
obtained  from  wells  that  had  been  cased  and  sealed  through  the  upper 
aquifers.  The  samples  representing  shallow  aquifers,  in  the  upland  areas, 
were  taken  from  shallow  wells  or  from  deep  wells  in  which  downward 
internal  circulation  was  present,  so  that  the  water  in  the  upper  part  of 
the  borehole  was  identical  to  that  m the  upi)ermost  aquifer.  All  chemical 
analyses  were  made  by  the  Quality  of  Water  Branch  of  the  U.  S.  Geo- 
logical Survey. 

Water  samples  from  the  shallow  aquifers  in  the  upland  areas  were 
high  in  calcium,  magnesium,  iron,  bicarbonate,  and  sulfate.  Calcium 
ranged  from  50  to  100  ppm,  magnesium  from  10  to  40  ppm,  iron  from 
0.40  to  7.5  ppm,  bicarbonate  from  190  to  470  ppm,  and  sulfate  from  15 
to  70  ppm.  A general  decrease  in  each  of  these  ionic  concentrations 
except  bicarbonate  was  observed  in  the  samples  from  the  deep  aquifers. 

In  the  samples  from  the  deep  aquifers,  calcium  ranged  from  3.0  to 
22  ppm,  magnesium  from  2 to  8 ppm,  iron  from  0.02  to  1.4  ppm,  and 
sulfate  from  0.0  to  8.0  pjnn.  Bicarbonate,  which  was  higher  in  these 
samples,  ranged  from  430  to  800  ppm.  Sodium,  which  was  negligible  in 
the  shallow  aquifers,  ranged  from  150  to  500  ppm,  and  chloride  ranged 
from  8 to  350  ppm. 

When  wells  producing  from  the  deep  aquifers  are  pumi)ed,  hydrogen- 
sulfide  gas  is  frequently  observed  bubbling  out  of  the  water.  In  the 
aquifer  the  hydrogen-sulfide  gas  is  dissolved  under  pressure.  When 
the  water  is  brought  to  the  surface  the  hydrogen  sulfide  pressure  is 
lowered,  and  the  hydrogen  sulfide  gas  bubbles  out  of  solution  and  is 
detected  easily  by  its  characteristic  odor. 

Reference  to  the  flow  net  of  Plate  3 and  to  the  discussion  of  ground- 
water  movement  indicates  that  the  water  in  the  deep  aquifers  was  at 
one  time  in  the  shallow  aquifers.  Thus,  it  would  seem  that  the  differences 
in  ionic  content  between  the  water  of  the  deep  and  shallow  aquifers  are 
due  to  processes  that  have  acted  upon  the  water  as  it  moved  downward 
through  the  geologic  section.  The  water  in  the  shallow  zones,  moreover, 
entered  the  ground-water  system  as  essentially  ion-free  precii)itation. 
Its  ionic  content  must,  therefore,  be  the  result  of  solution  processes  in 
the  soil  and  uppermost  sediments. 

The  humid  climate  and  abundant  vegetation  of  the  Neshannock  quad- 
rangle have  helped  to  create  soils  that  are  generally  high  in  carbon 
dioxide,  which  is  produced  by  the  decomposition  and  oxidation  of  organic 
matter.  Precipitation  filtering  through  these  soils  quickly  accpiires  an 
acid  character,  owing  to  the  solution  of  carbon  dioxide.  This  carbon 
dioxide  greatly  increases  the  ability  of  the  water  to  attack  calcium  and 
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magnesium  carbonates,  which  are  plentiful  in  most  of  the  unconsolidated 
sediments  of  the  quadrangle;  the  reactions  that  are  believed  to  occur 
are  as  follows: 

(1)  HoO  + COa^  H2CO3 

(2)  CaCOs  + H2CO3  ^ Ca-H-  + 2HCO3- 

(3)  MgC03  + H2CO3  ^ Mg++  + 2HCO3- 

Reaction  1 occurs  as  the  water  passes  through  the  soil.  Reactions  2 
and  3 occur  as  the  water  percolates  through  unconsolidated  sediments 
below  the  soil  zone.  By  the  time  the  water  has  reached  bedrock,  at 
depths  of  10  to  50  feet,  considerable  amounts  of  calcium,  magnesium, 
and  bicarbonate  have  i)resumably  been  taken  into  solution.  When  the 
ground  water  passes  through  the  unconsolidated  sediments,  or  the  upper- 
most layers  of  shale  and  coal,  sulfide  minerals  are  attacked,  and  the 
sulfur  is  oxidized.  In  this  way,  sulfate  ions  (SO4")  are  added  to  the 
solution.  Iron  compounds  may  also  be  attacked  and  yield  ferrous  ions 
(Fe++)  to  solution.  In  many  jdaces  these  processes  are  probably  com- 
bined in  the  solution  of  iron  sulfide,  which  is  abundant  in  the  shales  of 
the  region.  The  reactions  might  take  the  following  general  form: 

(4)  2H2O  + 2FeS2  + 7O2  ^ 2Fe++  + 4804=  + 4H+ 

In  this  way  the  solution  and  oxidation  of  sulfur  will  produce  a weak 
sulfuric  acid,  which  may  further  increase  the  ability  of  the  ground  water 
to  dissolve  certain  minerals. 

Whether  or  not  the  reactions  follow  the  forms  suggested  above,  the 
concentrations  of  calcium,  magnesium,  iron,  and  sulfate  seem  to  reach 
sizable  proportions  in  the  uppermost  saturated  zones  beneath  the  high- 
lands. The  remaining  question,  therefore,  concerns  the  processes  that 
alter  the  ionic  content  of  the  water  as  it  continues  downward  into  the 
lower  aquifers.  By  way  of  review,  the  changes  that  must  be  accounted 
for  are  a reduction  in  the  concentrations  of  calcium,  magnesium,  iron, 
and  sulfate,  an  increase  in  the  concentrations  of  bicarbonate,  chloride, 
and  sodium,  and  the  appearance  of  dissolved  hydrogen  sulfide  gas. 

The  decrease  in  calcium  and  magnesium  content,  and  the  correspond- 
ing increase  in  sodium  concentrations  in  the  shales  of  the  section  are 
suggestive  of  the  ion-exchange  process.  This  process  is  common  in  shales. 
The  decrease  in  iron  may  also  be  due  to  ion-exchange  processes,  or  it 
may  be  caused  by  bacterial  action.  The  increase  in  bicarbonate  can  be 
attributed  to  the  continued  solution  of  calcium  and  magnesium  bicarbon- 
ates, and  the  subsequent  exchange  of  the  calcium  and  magnesium  for 
sodium. 

The  increase  in  the  chloride'  content  of  the  ground  water  may  be  due 
to  continued  additional  chloride  ions  dissolving  as  the  water  moves  down- 
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ward.  The  increase  in  chloride,  and  sodium,  may  l)e  due  to  small-scale 
mixing  and  diffusion  between  the  circulating  meteoric  water  and  the 
more  connate  brines  in  regions  where  the  ground-water  flow  extends  into 
the  sediments  occupied  by  these  brines. 

The  removal  of  sulfate  from  solution  and  the  appearance  of  dissolved 
hydrogen  sulfide  are  probably  the  result  of  the  same  process,  or  sequence 
of  processes.  For  exam])le,  bacteria  and  carbon  or  hydrocarbon  may 
cause  the  reduction  of  sulfate,  producing  hydrogen  sulfide  and  the  bi- 
carbonate ion,  which  then  take  the  place  of  the  original  sulfate  ion  in 
solution. 

If  the  hypotheses  outlined  above  are  correct,  the  ionic  content  of 
water  in  the  valley  sediments  should  change  with  depth.  The  flow  net 
in  Plate  3 indicates  that  some  flow  enters  the  valleys  by  moving  uinvard 
from  deep  sandstones.  The  water  in  the  lower  part  of  the  unconsolidated 
sediments  in  the  valleys  should,  therefore,  be  similar  in  composition  to 
the  water  in  these  deep  sandstones;  that  is,  it  should  be  high  in  sodium 
and  low  in  calcium,  magnesium,  and  iron.  The  flow  net  shows  also  that 
some  flow  enters  the  valleys  more  or  less  laterally  through  higher  con- 
solidated sediments.  The  water  following  this  i)ath  may  still  contain 
appreciable  quantities  of  calcium,  magnesium,  and  iron.  In  some  places, 
these  concentrations  may  be  enriched  by  the  infiltration  of  precipitation 
that  has  fallen  directly  on  the  valley  area  and  accumulated  calcium  and 
magnesium  according  to  the  reaction  1-3.  Significant  concentrations  of 
these  minerals  may  occur,  therefore,  in  the  ujiper  part  of  the  unconsoli- 
dated valley  sediments.  A few  analyses  of  water  samples  from  deep 
valley  sediments  have  been  made,  and  the  results  are  similar  to  those 
obtained  for  the  deep  consolidated  aquifers.  No  analyses  of  samj)les 
from  shallow  valley  sediments  were  available  to  the  authors;  however, 
the  reports  of  well  owners  and  drillers  indicate  that  in  many  places  these 
zones  contain  water  that  is  high  in  iron  and  hardness. 

High  chloride  content  had  been  reported  in  water  from  the  deeper 
unconsolidated  sediments  in  the  Alahoning  and  lower  Shenango  River 
valleys.  This  may  possibly  be  the  result  of  mixing  and  diffusion  between 
the  circulating  meteoric  water  and  the  more  connate  brines,  which  prob- 
ably occupy  the  consolidated  rocks  underlying  the  valley  floors. 

Application  of  theory 

The  hypotheses  concerning  ground-water  quality  outlined  in  the  pre- 
ceding paragraphs  contain  some  interesting  j)ractical  implications.  These 
practical  implications  must  be  considered  tentative  for  any  specfic  loca- 
tion until  additional  investigation  either  affirm  or  disprove  the  underlying 
hypotheses.  The  hypotheses  concerning  ground-water  quality  are  per- 
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tinent  to  the  development  of  ground-water  supplies,  since  the  quality 
of  the  water  obtained  from  wells  can  be  improved  by  drilling  the  wells 
deeper. 

Many  wells  that  tap  the  shallow  aquifers  yield  water  that  is  high  in 
calcium,  magnesium  and  iron,  compared  to  the  water  from  the  deeper 
aquifers,  but  the  concentrations  of  these  ions  are  still  within  tolerable 
limits.  Such  wells  generally  need  not  be  drilled  deeper. 

AVhere  the  hardness  and  iron  content  of  the  water  produced  from 
shallow  aquifers  ai'e  beyond  tolerable  limits,  there  is  good  reason  to  drill 
the  wells  deeper.  Information  available  at  the  time  this  report  was 
written  does  not  justify  a definite  statement  concerning  the  advisability 
of  deepening  wells  throughout  the  Neshannock  quadrangle,  but  it  does 
indicate  that  at  many  locations  water  of  more  suitable  quality  may  be 
obtained  by  drilling  deeper.  The  water  from  the  deep  aquifers  is  gen- 
erally softer  than  water  from  the  shallow  aquifers  (because  sodium  has 
replaced  calcium  and  magnesium  in  solution),  and  it  is  generally  lower 
in  iron  content.  This  superior  water  quality  at  greater  depth  is  apparently 
due  to  the  fact  that  the  shales  of  the  geologic  section  act  as  a natural 
softening  agent — accomplishing  the  same  result  as  a commercial  softening 
apparatus. 

Several  factors  should  be  considered  before  any  well  is  deepened  to 
obtain  water  of  better  quality.  All  available  sources  of  information  on 
local  geology  should  be  consulted  first,  to  determine  whether  favorable 
geologic  conditions  are  present;  that  is,  whether  or  not  a second  sandstone 
is  within  reasonable  drilling  depth,  and  whether  or  not  it  is  separated 
from  the  upper  aquifer  by  a significant  thickness  of  shale.  Both  con- 
ditions should  be  met  if  conditions  are  to  be  presumed  favorable. 

Wells  in  the  upland  areas  must  generally  be  cased  and  sealed  through 
the  upper  aquifer  in  order  to  get  water  of  satisfactory  quality  from  the 
lower  aquifer.  If  the  upper  aquifer  is  not  sealed  off,  downward  internal 
flow  will  occur  in  the  well  during  the  periods  of  rest  between  pumping, 
because  the  hydraulic  head  in  the  upper  aquifer  exceeds  that  in  the  lower 
aquifer.  Water  from  the  upper  aquifer  will,  thus,  invade  the  lower  aquifer 
and  displace  the  native  water  of  the  lower  aquifer  from  the  vicinity  of 
the  well.  As  the  well  is  pumped,  the  best  situation  that  can  be  hoped 
for  is  that  the  lower  aquifer  will  yield  to  the  well  at  a much  higher  rate 
than  the  upper  aquifer?  Even  in  this  situation,  the  yield  of  the  well  will 
consist  of  water  native  to  the  upper  aquifer  until  the  water  that  has 
invaded  the  lower  aquifer  in  the  preceding  rest  interval  has  been  pumped 
out.  In  situations  where  both  upper  and  lower  aquifers  yield  similar 
amounts  of  water,  or  where  the  lower  aquifer  fails  to  yield  at  all — and 
simply  decreases  its  rate  of  thieving  during  pumping — casing  and  sealing 
of  the  upper  aquifer  is  even  more  important.  The  expense  of  casing  and 
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sealing  the  well  should,  therefore,  be  weighed  in  any  consideration  of 
whether  to  deepen  the  well  in  order  to  improve  quality,  because  there  is 
little  chance  of  obtaining  an  improved  suj)ply  unless  this  is  done. 

Another  factor  that  must  be  considered  when  a well  is  drilled  is  that 
once  the  upper  aquifer  has  been  case  off,  the  water  level  in  the  well  will 
be  that  of  the  lower  aquifer.  As  such,  it  will  probably  be  considerably 
lower  than  the  water  level  of  the  upper  aquifer.  As  demonstrated  in  the 
discussion  of  well  performance,  this  factor  can  add  significantly  to  the 
size  and  cost  of  the  original  pumping  installation  and  to  the  cost  of  the 
pump  operation. 

Still  another  factor,  as  noted  previously,  is  that  in  many  places  the 
water  of  the  lower  aquifers  contains  some  dissolved  hydrogen  sulfide  gas. 
Although  hydrogen  sulfide  does  not  produce  troublesome  effects  of  the 
sort  caused  by  excessive  hardness  or  iron  content,  it  does  affect  the  taste 
and  odor  of  the  water.  Individuals  who  find  this  effect  of  HoS  undesirable 
will  probably  want  to  deal  with  hardness  of  the  water  or  high  iron  content 
by  some  means  other  than  deepening  of  the  well. 

Many  uncertainties  or  risks  are  involved  in  any  attempt  to  obtain  water 
of  improved  quality  by  deepening  a well  in  the  upland  regions  of  the 
Neshannock  quadrangle.  In  consideration  of  these  drawbacks  and  un- 
certainties, many  users  may  choose  to  rely  on  commercial  softening 
equipment  (where  softening  is  necessary)  rather  than  to  invest  in 
deepening  and  casing  their  well.  Nevertheless,  many  wells  have  been 
deepened  in  the  Neshannock  quadrangle  and  have  obtained  an  improved 
water  supply. 

There  should  generally  be  less  trouble  with  the  hardness  and  high  iron 
content  of  water  from  the  valleys  than  that  of  water  from  the  highland 
regions.  Shallow  zones  of  poor-quality  water  are  present  in  the  valleys, 
but  it  is  often  possible  to  drill  and  case  through  these  zones  to  obtain 
water  of  improved  quality  in  lower  sediments.  The  prevailing  direction 
of  ground-water  movement  is  upward,  so  that  the  difficulties  outlined  in 
connection  with  the  well-deepening  process  in  the  highlands  are  not  sig- 
nificant in  the  valleys.  Deepening  a well  in  the  valley  may  produce  a 
decrease  in  pumping  costs,  as  well  as  an  improvement  in  water  quality. 

Hydrogen  sulfide  has  been  noticed  in  water  from  many  of  the  deeper 
valley  wells;  however,  there  is  some  evidence  to  indicate  that  in  the 
shallow  and  intermediate  zones,  decreasing  hydrogen  sulfide  pressure 
allows  some  or  all  of  the  gas  to  escape  from  solution. 
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Table  3.— Chemical  analyses  of  ground  water 

Aquifer  name:  Pkl . Kittanning  Formaticn,  lower  member;  Pv  , Vanport  Limestone;  Pen,  Clarion  Formation;  Ph.  Homewood  Formation; 

Pco  , Connoquenessing  Formation,  undifferentiated;  Pcou  , Connoquenessing  Formation,  upper  member;  Pcol , Connoquenessing  Formation,  lower  member;  Me, 
Cussewago  Sandstone. 

Results  in  parts  per  million  except  temperature,  field  hardness,  specific  conductance,  and  pH. 
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